American Academy of Forensic Sciences

VIRTUAL WORKSHOP W19
February 16, 2021 2021 AAFS

Forensic DNA:

Examining the Most Valuable
Publications in the Field

John M. Butler, PhD Robin W. Cotton, PhD
qFOR=NSIC BOSTON
4 SCI=ZNCE UNIVERSITY

RESEARCH. STANDARDS. FOUNDATIONS.

Mechthild K. Prinz, PhD Charlotte J. Word, PhD

=




Reference Lists Compared

cyc, VS\
MVPs © @ (Lgr@
Feb 2021 WO
Informative Textbooks on Forensic DNA 17 16 S5+2
6 websites
A Plain Language Guides to Forensic DNA Analysis 4 3 --
B Serology and Body Fluid Identification 24 15+2 -
C Collection and Storage of Biological Material 25 19 --
D DNA Extraction/Purification, Differential Extraction 18 14 1
E DNA Quantitation, Degraded DNA 10 9+1
F PCR Amplification, Inhibition, and Artifacts 13 10 3
(G Capillary Electrophoresis Separation and Detection 12 12 6
H Assessing Sample Suitability and Complexity, Low-Template DNA 7 3 --
I Estimating the Number of Contributors 12 12 --
J  Data Interpretation, Mixture Deconvolution, Interlaboratory Studies 12 12 2+4
K Interpretation: Binary Approaches (CPI, RMP, LR) 11 9 3
L Interpretation: Probabilistic Genotyping Software (Discrete, Continuous) 44 41 7+ 11
M Report Writing and Technical Review 8 3 --
N Court Testimony, Communication of Results, Juror Comprehension 22 21 3
O Autosomal STR Markers and Kits 29 27
P  Mitochondrial DNA Testing 11 10+1 3+32
(Q Y-Chromosome and X-Chromosome Testing 17 11 4+6
R DNA Databases and Investigative Genetic Genealogy 14 14 --
S  Statistical Analysis 11 9 3+2
T  Population Genetics 11 10 1
U bpNaA Phenotyping (Ancestry, Appearance, Age) 24 20 T
V' New Technologies (Rapid DNA, Massively Parallel Sequencing) 35 31 T
W ' DNA Transfer and Activity Level Reporting 57 54 -
X Non-Human DNA Testing 15 15 -
Y Method Validation, Quality Control, and Human Factors 23 23 1+3
Z  General Forensic Science Topics 11 11 1
Historical 19

Underlined numbers designate those articles only found in that list 497 448 135
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Informative Textbooks on Forensic DNA (17)

The following informative textbooks are listed by publication date in ascending order with the most recent ones listed last.
This list is not comprehensive (e.g., earlier editions of some of these textbooks not included).

10.

11.

12.

13.

14.

15.

16.

17.

National Research Council (1996) The Evaluation of Forensic DNA Evidence. National Academy Press:
Washington, D.C.

Evett, L W. and Weir, B.S. (1998) Interpreting DNA Evidence: Statistical Genetics for Forensic Scientists. Sinauer
Associates: Sunderland MA.

Inman, K. and Rudin, N. (2001) Principles and Practice of Criminalistics: The Profession of Forensic Science. CRC
Press: Boca Raton.

Fung, W K. and Hu, Y.-Q. (2008) Statistical DNA Forensics: Theory, Methods and Computation. Wiley:
Chichester, UK.

Butler, J.M. (2010) Fundamentals of Forensic DNA Typing. Elsevier Academic Press: San Diego.

Goodwin, W., Linacre, A., Hadi, S. (2011) An Introduction to Forensic Genetics Second Edition. Wiley: Chichester,
UK.

Butler, J.M. (2012) Advanced Topics in Forensic DNA Typing: Methodology. Elsevier Academic Press: San Diego.

Shewale, J.G. and Liu, R.H. (Editors) (2013) Forensic DNA Analysis: Current Practices and Emerging
Technologies. CRC Press: Boca Raton.

Gill, P. (2014) Misleading DNA Evidence: Reasons for Miscarriages of Justice. Elsevier Academic Press: San
Diego.

Butler, J.M. (2015) Advanced Topics in Forensic DNA Typing: Interpretation. Elsevier Academic Press: San Diego.

Balding, D. J. and Steele, C. D. (2015). Weight-of-evidence for Forensic DNA Profiles Second Edition. Wiley:
Chichester, UK.

Buckleton, J.S., Bright, J.-A., Taylor, D. (Editors) (2016) Forensic DNA Evidence Interpretation Second Edition.
CRC Press: Boca Raton.

Robertson, B., Vignaux, G.A., Berger, C.E.H. (2016) Interpreting Evidence: Evaluating Forensic Science in the
Courtroom Second Edition. Wiley: Chichester, UK.

Jamieson, A. and Bader, S. (Editors) (2016) A Guide to Forensic DNA Profiling. Wiley: Chichester, UK.

Amorim, A. and Budowle, B. (Editors) (2017) Handbook of Forensic Genetics: Biodiversity and Heredity in Civil
and Criminal Investigation. World Scientific Publishing: London.

Bright, J.-A. and Coble, M. (2020) Forensic DNA Profiling: A Practical Guide to Assigning Likelihood Ratios. CRC
Press: Boca Raton.

Gill, P., Bleka, 0., Hansson, O., Benschop, C., Haned, H. (2020) Forensic Practitioner’s Guide to the Interpretation
of Complex DNA Profiles. Elsevier Academic Press: San Diego.
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Informative Forensic DNA Reviews and Research Studies (A to Z) (480)

Below 26 categories are defined covering topics of interest in forensic DNA analysis and interpretation (listed arbitrarily
from A to Z). Neither the categories nor this reference list are intended to be exhaustive. Suggestions for additional,
appropriate references and categories are welcome. A #1 article (in bold font) was subjectively selected in each category and
then followed by reference citations defined by date in ascending order with the most recent publications at the end of each
category. This letter and number system (e.g., A1, B3, F7) provides a simple method to locate specific articles and enables
opportunities for expansion as the literature grows. Although some articles could logically appear under multiple categories,
no duplicate listings were used. Recommended references from the SWGDAM 2020 Training Guidelines have been included
as well.

A. Plain Language Guides to Forensic DNA Analysis

1. Sense about Science (2017) Making Sense of Forensic Genetics. A 40-page plain language guide available at
https://senseaboutscience.org/activities/making-sense-of-forensic-genetics/.

2. Jobling, M.A. and Gill, P. (2004) Encoded evidence: DNA in forensic analysis. Nature Reviews: Genetics 5(10):
739-751.

3. The Royal Society (2017) Forensic DNA Analysis: A Primer for Courts. A 60-page plain language guide available
at https://royalsociety.org/-/media/about-us/programmes/science-and-law/royal-society-forensic-dna-analysis-
primer-for-courts.pdf.

4. Press, R. (2019) DNA Mixtures: A Forensic Science Explainer. Available at https://www.nist.gov/featured-
stories/dna-mixtures-forensic-science-explainer. (see also Forensic Science Review 31: 87-91 available at
http://forensicsciencereview.com/Abstract/31(2)-(R&C)%20Full%20text.pdf)

B. Serology and Body Fluid Identification

1. Gaensslen, R.E. (1983) Sourcebook in Forensic Serology, Inmunology, and Biochemistry. U.S. Department of
Justice, National Institute of Justice: Washington, D.C.

2. Cox, M. (1991) A study of the sensitivity and specificity of four presumptive tests for blood. Journal of Forensic
Sciences 36(5): 1503-1511.

3.  Hochmeister, M.N., Budowle, B., Rudin, O., Gehrig, C., Borer, U., Thali, M., Dirnhofer, R. (1999) Evaluation of
prostate-specific antigen (PSA) membrane test assays for the forensic identification of seminal fluid. Journal of
Forensic Sciences 44(5): 1057-1060.

4. Kobus, H.J,, Silenieks, E., Scharnberg, J. (2002) Improving the effectiveness of fluorescence for the detection of
semen stains on fabrics. Journal of Forensic Sciences 47(4): 819-823.

5. Tobe, S.S., Watson, N., Daéid, N.N. (2007) Evaluation of six presumptive tests for blood, their specificity,
sensitivity, and effect on high molecular-weight DNA. Journal of Forensic Sciences 52: 102-109.

6. Schweers BA, Old J, Boonlayangoor PW, Reich KA. (2008) Developmental validation of a novel lateral flow strip
test for rapid identification of human blood (Rapid Stain Identification--Blood). Forensic Science International:
Genetics 2(3): 243-247.

7. Desroches, A.N., Buckle, J.L., Fourney, R.M. (2009) Forensic biology evidence screening: past and present.
Canadian Society of Forensic Science Journal 42(2): 101-120.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Old, J.B., Schweers, B.A., Boonlayangoor, P.W., Reich, K.A. (2009) Developmental validation of RSID-saliva: a
lateral flow immunochromatographic strip test for the forensic detection of saliva. Journal of Forensic Sciences
54(4): 866-873.

Virkler, K. and Lednev, [.LK. (2009) Analysis of body fluids for forensic purposes: from laboratory testing to non-
destructive rapid confirmatory identification at a crime scene. Forensic Science International 188: 1-17.

Harteveld, J., Lindenbergh, A. and Sijen, T. (2013) RNA cell typing and DNA profiling of mixed samples: can cell
types and donors be associated? Science & Justice 53: 261-269.

Redhead, P. and Brown, M.K. (2013) The acid phosphatase test two minute cut-off: an insufficient time to detect
some semen stains. Science & Justice 53(2): 187-191.

Sijen, T. (2015) Molecular approaches for forensic cell type identification: On mRNA, miRNA, DNA methylation
and microbial markers. Forensic Science International: Genetics 18: 21-32.

Cotton, R.W. and Fisher, M.B. (2015) Review: Properties of sperm and seminal fluid, informed by research on
reproduction and contraception. Forensic Science International: Genetics 18: 66-77.

Zapata, F., Fernandez de la Ossa, M.A., Garcia-Ruiz, C. (2015) Emerging spectrometric techniques for the forensic
analysis of body fluids. 7rAC - Trends in Analytical Chemistry 64: 53-63.

Harbison, S. and Fleming, R.1. (2016) Forensic body fluid identification: state of the art. Research and Reports in
Forensic Medical Science 6: 11-23.

Vidaki, A., Giangasparo, F., Syndercombe Court, D. (2016) Discovery of potential DNA methylation markers for
forensic tissue identification using bisulphite pyrosequencing. Electrophoresis 37(21): 2767-2779.

Silva, D.S.B.S., Antunes, J., Balamurugan, K., Duncan, G., Alho, C.S., McCord, B. (2016) Developmental
validation studies of epigenetic DNA methylation markers for the detection of blood, semen and saliva samples.
Forensic Science International: Genetics 23: 55-63.

Wornes, D.J., Speers, S.J., Murakami, J.A. (2018) The evaluation and validation of Phadebas® paper as a
presumptive screening tool for saliva on forensic exhibits. Forensic Science International 288: 81-88.

Derum, G., Ingold, S., Hanson, E., Ballantyne, J., Snipen, L., Haas, C. (2018) Predicting the origin of stains from
next generation sequencing mRNA data. Forensic Science International: Genetics 34: 37-48.

Ingold, S., Derum, G., Hanson, E., Berti, A., Branicki, W., Brito, P., Elsmore, P., Gettings, K.B., Giangasparo, F.,
Gross, T.E., Hansen, S., Hanssen, E.N., Kampmann, M.L., Kayser, M., Laurent, F.X., Morling, N., Mosquera-
Miguel, A., Parson, W., Phillips, C., Porto, M.J., Po$piech, E., Roeder, A.D., Schneider, P.M., Schulze, J.K.,
Steffen, C.R., Syndercombe-Court, D., Trautmann, M., van den Berge, M., van der Gaag, K.J., Vannier, J.,
Verdoliva, V., Vidaki, A., Xavier, C., Ballantyne, J., Haas, C. (2018) Body fluid identification using a targeted
mRNA massively parallel sequencing approach - results of a EUROFORGEN/EDNAP collaborative exercise.
Forensic Science International: Genetics 34: 105-115.

Albani, P.P. and Fleming, R. (2019) Developmental validation of an enhanced mRNA-based multiplex system for
body fluid and cell type identification. Science & Justice 59(3): 217-227.

Kulstein, G., Pably, P., Fiirst, A., Wiegand, P., Hadrys, T. (2019) "The acid test"-validation of the ParaDNA® Body
Fluid ID Test for routine forensic casework. International Journal of Legal Medicine 133(3): 751-757.

Noél, S., Lagacé, K., Raymond, S., Granger, D., Loyer, M., Bourgoin, S., Jolicoeur, C., Séguin, D.(2019)

Repeatedly washed semen stains: Optimal screening and sampling strategies for DNA analysis. Forensic Science
International: Genetics 38: 9-14.
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24.

10.

11.

12.

13.

14.

Ingold, S., Dgrum, G., Hanson, E., Ballard, D., Berti, A., Gettings, K.B., Giangasparo, F., Kampmann, M.L.,
Laurent, F.X., Morling, N., Parson, W., Steffen, C.R., Ulus, A., van den Berge, M., van der Gaag, K.J., Verdoliva,
V., Xavier, C., Ballantyne, J., Haas, C. (2020) Body fluid identification and assignment to donors using a targeted
mRNA massively parallel sequencing approach - results of a sescond EUROFORGEN/EDNAP collaborative
exercise. Forensic Science International: Genetics 45: 102208.

Collection and Storage of Biological Material

Mapes, A.A., Kloosterman, A.D., van Marion, V., de Poot, C.J. (2016) Knowledge on DNA success rates to
optimize the DNA analysis process: from crime scene to laboratory. Journal of Forensic Sciences 61(4): 1055-
1061.

Bér, W., Kratzer, A., Méchler, M., Schmid, W. (1988) Postmortem stability of DNA. Forensic Science International
39(1): 59-70.

Sweet, D., Lorente, M., Lorente, J.A., Valenzuela, A., Villanueva, E. (1997) An improved method to recover saliva
from human skin: the double swab technique. Journal of Forensic Sciences 42(2): 320-322.

Lee, H.C. and Ladd, C. (2001) Preservation and collection of biological evidence. Croatian Medical Journal 42(3):
225-228.

Kline, M.C., Duewer, D.L., Redman, J.W., Butler, J.M., Boyer, D.A. (2002) Polymerase chain reaction
amplification of DNA from aged blood stains: quantitative evaluation of the "suitability for purpose" of four filter
papers as archival media. Analytical Chemistry 74(8): 1863-1869.

Bond, J.W. and Hammond, C. (2008) The value of DNA material recovered from crime scenes. Journal of Forensic
Sciences 53(4): 797-801.

Vandewoestyne, M. and Deforce, D. (2010) Laser capture microdissection in forensic research: a review.
International Journal of Legal Medicine 124(6): 513-521.

van Oorschot, R.A.H. (2012) Assessing DNA profiling success rates: need for more and better collection of relevant
data. Forensic Science Policy and Management 3: 37-41.

Goray, M., van Oorschot, R.A., Mitchell, J.R. (2012) DNA transfer within forensic exhibit packaging: potential for
DNA loss and relocation. Forensic Science International: Genetics 6(2): 158-166.

Technical Working Group on Biological Evidence Preservation (2013) The Biological Evidence Preservation
Handbook: Best Practices for Evidence Handlers. National Institute of Standards and Technology and National
Institute of Justice Available at https://doi.org/10.6028/NIST.IR.7928.

Allen-Hall, A. and McNevin, D. (2013) Non-cryogenic forensic tissue preservation in the field: a review. Australian
Journal of Forensic Sciences 45(4): 450-460.

Higgins, D. and Austin, J.J. (2013) Teeth as a source of DNA for forensic identification of human remains: A
review. Science & Justice 53(4): 433-441.

Adamowicz, M.S., Stasulli, D.M., Sobestanovich, E.M., Bille, T.W. (2014) Evaluation of methods to improve the
extraction and recovery of DNA from cotton swabs for forensic analysis. PLoS ONE 9(12): e116351.

Verdon, T.J., Mitchell, R.J. and van Oorschot, R.A. (2014) Swabs as DNA collection devices for sampling different
biological materials from different substrates. Journal of Forensic Sciences 59(4): 1080-1089.
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15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Verdon, T.J., Mitchell, R.J. and van Oorschot, R.A. (2014) Evaluation of tapelifting as a collection method for touch
DNA. Forensic Science International: Genetics 8(1): 179-186.

Verdon, T.J., Mitchell, R.J., van Oorschot, R.A. (2015) Preliminary investigation of differential tapelifting for
sampling forensically relevant layered deposits. Legal Medicine 17(6): 553-559.

Baechler, S. (2016) Study of criteria influencing the success rate of DNA swabs in operational conditions: A
contribution to an evidence-based approach to crime scene investigation and triage. Forensic Science International:
Genetics 20: 130-139.

Pickrahn, 1., Kreindl, G., Miiller, E., Dunkelmann, B., Zahrer, W., Cemper-Kiesslich, J., Neuhuber, F. (2017)
Contamination incidents in the pre-analytical phase of forensic DNA analysis in Austria—Statistics of 17
years. Forensic Science International: Genetics 31: 12-18.

Hess, S. and Haas, C. (2017) Recovery of trace DNA on clothing: A comparison of mini-tape lifting and three other
forensic evidence collection techniques. Journal of Forensic Sciences 62(1): 187-191.

Kanokwongnuwut, P., Kirkbride, K.P., Linacre, A. (2018) Detection of latent DNA. Forensic Science International.:
Genetics 37: 95-101.

Sujatha, G., Muruganandhan, J., Priya, V.V, Srinivasan, M.R. (2019) Determination of reliability and practicality of
saliva as a genetic source in forensic investigation by analyzing DNA yield and success rates: A systematic
review. Journal of Oral and Maxillofacial Surgery, Medicine, and Pathology 31(3): 218-227.

Prasad, E., Hitchcock, C., Raymond, J., Cole, A., Barash, M., Gunn, P., McNevin, D., van Oorschot, R.A. (2020)
DNA recovery from unfired and fired cartridge cases: A comparison of swabbing, tape lifting, vacuum filtration, and
direct PCR. Forensic Science International 317: 110507.

Hedman, J., Jansson, L., Akel, Y., Wallmark, N., Gutierrez Liljestrand, R., Forsberg, C., Ansell, R. (2020) The
double-swab technique versus single swabs for human DNA recovery from various surfaces. Forensic Science
International: Genetics 46: 102253.

Sherier, A.J., Kieser, R.E., Novroski, N.M.M., Wendt, F.R., King, J.L., Woerner, A.E., Ambers, A., Garofano, P.,
Budowle, B. (2020) Copan microFLOQ® Direct Swab collection of bloodstains, saliva, and semen on cotton cloth.
International Journal of Legal Medicine 134(1): 45-54.

McLamb, J.M., Adams, L.D., Kavlick, M.F. (2020) Comparison of the M-Vac® wet-vacuum-based collection

method to a wet-swabbing method for DNA recovery on diluted bloodstained substrates. Journal of Forensic
Sciences 65(6): 1828-1834.

DNA Extraction/Purification, Differential Extraction

Gill, P., Jeffreys, A.J., Werrett, D.J. (1985) Forensic application of DNA 'fingerprints'. Nature 318: 577-579.

Walsh, P.S., Metzger, D.A., Higuchi, R. (1991) Chelex 100 as a medium for simple extraction of DNA for PCR-
based typing from forensic material. Biotechniques 10(4): 506-513.

Comey, C.T., Koons, B.W., Presley, K.W., Smerick, J.B., Sobieralski, C.A., Stanley, D.M., Baechtel, F.S. (1994)
DNA extraction strategies for amplified fragment length polymorphism analysis. Journal of Forensic
Sciences 39(5): 1254-1269.

Rédstrom, P., Knutsson, R., Wolffs, P., Lovenklev, M., Lofstrdm, C. (2004). Pre-PCR processing: Strategies to
generate PCR-compatible samples. Molecular Biotechnology 26(2): 133-146.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

Nagy, M., Otremba, P., Kriiger, C., Bergner-Greiner, S., Anders, P., Henske, B., Prinz, M., Roewer, L. (2005)
Optimization and validation of a fully automated silica-coated magnetic beads purification technology in forensics.
Forensic Science International 152(1): 13-22.

Anslinger, K., Bayer, B., Rolf, B., Keil, W., Eisenmenger, W. (2005) Application of the BioRobot EZ1 in a forensic
laboratory. Legal Medicine 7(3): 164-168.

Montpetit, S.A., Fitch, I.T., O'Donnell, P.T. (2005) A simple automated instrument for DNA extraction in forensic
casework. Journal of Forensic Sciences 50(3): 1-9.

Castella, V., Dimo-Simonin, N., Brandt-Casadevall, C., Mangin, P. (2006) Forensic evaluation of the
QIAshredder/QIAamp DNA extraction procedure. Forensic Science International 156(1): 70-73.

Loreille, O.M., Diegoli, T.M., Irwin, J.A., Coble, M.D., Parsons, T.J. (2007) High efficiency DNA extraction from
bone by total demineralization. Forensic Science International: Genetics 1(2): 191-195.

Brevnov, M.G., Pawar, H.S., Mundt, J., Calandro, L.M., Furtado, M.R., Shewale, J.G. (2009) Developmental
validation of the PrepFiler Forensic DNA Extraction Kit for extraction of genomic DNA from biological samples.
Journal of Forensic Sciences 54(3): 599-607.

Stray, J.E., Liu, J.Y., Brevnov, M.G., Shewale, J.G. (2010) Extraction of DNA from forensic biological samples for
genotyping. Forensic Science Review 22(2): 159-175.

Stray, J.E. and Shewale, J.G. (2010) Extraction of DNA from human remains. Forensic Science Review 22(2): 177-
185.

Frégeau, C.J., Lett, C.M., Fourney, R.M. (2010) Validation of a DNA IQ™-based extraction method for TECAN
robotic liquid handling workstations for processing casework. Forensic Science International: Genetics 4(5): 292-

304.

Schneider, H., Sommerer, T., Rand, S., Wiegand, P. (2011) Hot flakes in cold cases. International Journal of Legal
Medicine 125: 543-548.

Farash, K., Hanson, E.K., Ballantyne, J. (2018) Single source DNA profile recovery from single cells isolated from
skin and fabric from touch DNA mixtures in mock physical assaults. Science & Justice 58: 191-199.

Samie, L., Champod, C., Glutz, V., Garcia, M., Castella, V., Taroni F. (2019) The efficiency of DNA extraction kit
and the efficiency of recovery techniques to release DNA using flow cytometry. Science & Justice 59(4): 405-410.

Romsos, E.L. and Vallone, P.M. (2019) Estimation of extraction efficiency by droplet digital PCR. Forensic Science
International: Genetics Supplement Series 7: 515-517.

Chapman, B.R., Blackwell, S.J., Miiller, L.H. (2020) Forensic techniques for the isolation of spermatozoa from
sexual assault samples - A review. Forensic Science Review 32(2): 105-116.

DNA Quantitation, Degraded DNA

Grgicak, C.M., Urban, Z.M., Cotton, R.W. (2010) Investigation of reproducibility and error associated with
qPCR methods using Quantifiler® Duo DNA quantification Kit. Journal of Forensic Sciences 55(5):1331-
1339.

Lindahl, T. (1993) Instability and decay of the primary structure of DNA. Nature 362: 709-715.
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10.

Butler, J.M., Shen, Y., McCord, B.R. (2003) The development of reduced size STR amplicons as tools for analysis
of degraded DNA. Journal of Forensic Sciences 48(5) 1054-1064.

Green, R.L., Roinestad, I.C., Boland, C., Hennessy, L.K. (2005) Developmental validation of the Quantifiler real-
time PCR kits for the quantification of human nuclear DNA samples. Journal of Forensic Sciences 50(4): 809-825.

Barbisin, M., Fang, R., O'Shea, C.E., Calandro, L.M., Furtado, M.R., Shewale, J.G. (2009) Developmental
validation of the Quantifiler Duo DNA Quantification kit for simultaneous quantification of total human and human
male DNA and detection of PCR inhibitors in biological samples. Journal of Forensic Sciences 54(2): 305-319.

Alaeddini, R., Walsh, S.J., Abbas, A. (2010) Forensic implications of genetic analyses from degraded DNA--a
review. Forensic Science International: Genetics 4(3):148-157.

Lee, S.B., McCord, B., Buel, E. (2014) Advances in forensic DNA quantification: a review. Electrophoresis 35:
3044-3052.

Vieira-Silva, C., Afonso-Costa, H., Ribeiro, T., Porto, M.J., Dias, M., Amorim, A. (2015) Quantifiler® Trio DNA

validation and usefulness in casework samples. Forensic Science International: Genetics Supplement Series 5: €246-
e247.

Holt, A., Olson, S., Marfori, M., Yong Ning Oh, D. (2015) A DNA-based screening assay to streamline sexual
assault sample processing. American Laboratory 47(6): 42-44.

Holt, A., Wootton, S.C., Mulero, J.J., Brzoska, P.M., Langit, E., Green, R.L. (2016) Developmental validation of the

Quantifiler(®) HP and Trio Kits for human DNA quantification in forensic samples. Forensic Science International:
Genetics 21: 145-157.

PCR Amplification, Inhibition, and Artifacts

Walsh, P.S., Erlich, H.A. and Higuchi, R. (1992) Preferential PCR amplification of alleles: mechanisms and
solutions. PCR Methods & Applications 1(4): 241-250.

Saiki, R.K., Gelfand, D.H., Stoffel, S., Scharf, S.J., Higuchi, R., Horn, G.T., Mullis, K.B., Erlich, H.A. (1988)
Primer-directed enzymatic amplification of DNA with a thermostable DNA polymerase. Science 239: 487-491.

Clark, J.M. (1988). Novel non-templated nucleotide addition reactions catalyzed by procaryotic and eucaryotic DNA
polymerases. Nucleic Acids Research 16(20): 9677-9686.

Bloch, W. (1991) A biochemical perspective of the polymerase chain reaction. Biochemistry 30: 2735-2747.

Reynolds, R., Sensabaugh, G., Blake, E. (1991) Analysis of genetic markers in forensic DNA samples using the
polymerase chain reaction. Analytical Chemistry 63(1): 2-15.

Walsh, P.S., Fildes, N.J., Reynolds, R. (1996) Sequence analysis and characterization of stutter products at the
tetranucleotide repeat locus VWA. Nucleic Acids Research 24(14): 2807-2812.

Leclair, B., Sgueglia, J.B., Wojtowicz, P.C., Juston, A.C., Frégeau, C.J,, Fourney, R.M. (2003) STR DNA typing:
increased sensitivity and efficient sample consumption using reduced PCR reaction volumes. Journal of Forensic

Sciences 48(5): 1001-1013.

Alaeddini, R. (2012) Forensic implications of PCR inhibition—A review. Forensic Science International: Genetics
6(3): 297-305.
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Presentation Outline

* Motivations for doing this workshop
OSAC task group request (Sept 2020)
Foundational review on DNA mixture interpretation (2017-present)
New SWGDAM Training Guidelines (July 2020)
INTERPOL DNA Review (2016-2019)
» Why these presenters
* Robin (ISHI 2000 talk), Mecki (ISFG), Charlotte (reviews for FSIG & JFS)

» Workshop topics and schedule
» Some thoughts on how to read an article

+ Creation of our literature list
* How categories are organized
« List is “informative” rather than “foundational”

Motivation for Doing This MVPs (Best Papers) Workshop

1. In the past year, | was asked to review potential reference lists for an OSAC
task group and training guidelines for the ENFSI DNA Working Group
«+ Desire to help forensic DNA analysts and technical leaders strengthen their training
« Training requirements exist, but often specific helpful sources are not identified

2. Examination of the literature while conducting a NIST scientific foundation
review covering DNA mixture interpretation
« Increased familiarity with what is currently available in the literature
+ Desire to improve information available for review when seeking to assess the degree of
reliability of probabilistic genotyping software systems as defense challenges and
ibility hearings have i in recent years

3. Analysis of the new July 2020 SWGDAM Training Guidelines
+ Recognizing the value of a standard body of knowledge to assist in training
« Can we define what are the best sources to learn from and why?
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What Has Inspired Me Personally Over the Years

. An ISHI 2000 Presentation by Robin Cotton
» From the Scientist’s Point of View: What Constitutes General Acceptance?
* See https:/promega.media/-/m es/conference-pr
1.pdf7la=en

« Her sections and reference lists cover by category the loci, features of the PCR and
forensic applications, and electrophoresis and fluorescent detection

« This was the first effort | had seen to try and document from the
literature why we know specific things in our field

. Writing my textbooks on Forensic DNA Typing (2001, 2005, 2010, 2012,
2015) and trying to find the best citations to reference for each topic

PCAST Report and the Reference List Gathered

* There are 294 references listed (but my analysis found only ~75
relevant to DNA mixture interpretation and no helpful subcategories); see
http: nitehouse.archive: ites/default/fi
PCAST/pcast_forensics_references.pdf

dings/ishi-11/oral-

N

@

rosites/ostp

16 February 2021

My Experience with the Recent
INTERPOL DNA Review

“352,367 | was asked to report on publications from 2016 to 2019

« Category selection and article selection:
Core Loci Expansion

Rapid Analysis of STR Markers

Investigative Genetic Genealogy

Next-Generation Sequencing

DNA Mixture
DNA Transfer and Activity Level Evaluations
Forensic Biology and Body Fluid Identification
DNA Phenotyping

Privacy and Ethical Issues

,E_l

19th INTERPOL International Forensic Seience

o @ Ne o s N

Managers Symposium

Lyon, France 10. Guidance Documents (SWGDAM, OSAC, ASB, ENFSI, UK F'S Regulator)

Il DN Rat

7-10 October 2018
Review Papers

s

Recent Special Issues and Review Articles of Note

14458/file/Interpol%20Review %20Papers

https://www.interpol.i
%202019.pdf

Background and Qualification of Presenters

« John M. Butler, PhD:
« Author of five textbooks (2001, 2005, 2010, 2012, 2015) and >180 research articles
« Conducted dozens of workshops and served as an editor for the top journal

* Robin W. Cotton, PhD:

« Professor at Boston University Collective_ly we.have >12_0 SIS
« Former Cellmark Laboratory Director Cllexperiencoiiy forensu:_ 210
and have taught and written
* Mechthild K. “Mecki” Prinz, PhD: extensively on the subject
« Professor at John Jay College
« Former NYC OCME Forensic Biology Laboratory Director
« Charlotte J. Word, PhD:
« Consultant, OSAC, ASB, regular reviewer for multiple journals
« Former Cellmark Laboratory Director



https://promega.media/-/media/files/resources/conference-proceedings/ishi-11/oral-presentations/cotton.pdf?la=en
https://obamawhitehouse.archives.gov/sites/default/files/microsites/ostp/PCAST/pcast_forensics_references.pdf
https://www.interpol.int/content/download/14458/file/Interpol%20Review%20Papers%202019.pdf
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1 1:00pm (15 minutes)
2 1:15pm (15 minutes)
3 1:30pm (15 minutes)

4 1:45pm (15 minutes)

Planned Workshop Schedule (1)

Time (Central) Topic  MVPs = Most Valuable Publications | Presenter(s)

Introduction to Workshop and Criteria for
Developing a Literature List

The Value of a Knowledge Base for Educating
Students and Practitioners

John Butler
Robin Cotton

A Review of Training Standards Charlotte Word

MVPs on DNA Collection, Extraction, and

Quantitation Robin Cotton

Please put
questions in
the chat box
while watching

our pre-recorded
presentations
and we will
answer them over
the chat or
through a live
Zoom session at

16 February 2021

5 2:00pm (15 minutes) MVPs on PCR, STRs, and CE John Butler the end
6 2:15pm (15 minutes) m\(:;;st?: Population Genetics and Statistical Robin Cotton
2:30pm (15 minutes) Question and Answers (live Zoom meeting) Al
2:45pm to 2:55pm 10-minute BREAK
Planned Workshop Schedule (2)

7 2:55pm (15 minutes)
8 3:10pm (15 minutes)
9 3:25pm (15 minutes)
10 3:40pm (15 minutes)
11 3:55pm (15 minutes)
2 4:10pm (15 minutes)
[13 4:25pm (15 minutes)

4:40pm (20 minutes)

MVPs on Binary Approaches to Mixture P
Interpretation Mecki Prinz
MVPs on Probabilistic Genotyping Systems  John Butler

MVPs on DNA Transfer and Activity Level

Propositions John Butler

MVPs on Lineage Markers Robin Cotton

MVPs on Phenotyping and New Technologies  Mecki Prinz.

MVPs on Method Validation, Quality Control,

and Human Factors CIDEED

Wrap-up and Workshop Conclusion John Butler

Question and Answers (live Zoom meeting) All

questions in
the chat box
while watching
our pre-recorded
presentations
and we will
answer them over
the chat or
through a live
Zoom session at
the end

11

How to Read an Article
Discussed in this ISHI 2019 Workshop

L
Keys
Data

‘September 23, 2019 't v '
Paims. Springs, CA

to Evaluating Published
and Summarizing Your
Validation Studies

John M. Butler, PhD
Charlotte J. Word, PhD

nist.gov/pub_pres/ISHI2019workshe il I Data.pdf

12


https://strbase.nist.gov/pub_pres/ISHI2019workshop-EvaluatingPublishedData.pdf
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Different Types of Articles

« Original research articles
* Review articles
« Short communications (termed “technical notes” in JFS)

16 February 2021

« Book reviews - s
K Different journals can have
« Case studies (termed “case reports” in JFS) different categories and/or

« Opinion or commentary required structures for

. manuscript submission
« Letters to the Editor
« typically correcting or commenting on a previous publication
« With FSI Genetics: Forensic population genetics (original
paper, short communication, or correspondence)

https://www.elsevier.com/journals/forensic-science-international-
genetics/1872-4973/quide-for-authors

13

The “IMRAD” Format to Scientific Articles

« Introduction — what question is being studied?

« Methods (& Materials) — how study was performed?
« Results — what were the findings in the study?

« And

« Discussion — what do these findings mean?

The first scientific journals appeared in 1665 but early articles were descriptive in
nature

The IMRAD approach began to be used in the mid-20" century to focus articles and to
make indexing and reviewing easier

IMRAD was formally defined in 1979 by the American National Standards Institute
(ANSI Z39.16-1979) “American National Standard for the Preparation of Scientific
Papers for Written or Oral Presentation”

From Day, R.A. (1998). How to Wite &

57 edition. Oryx Press: Phoenix, Arizonz

14

How to Read a Scientific Article

« Skim the article first John Butler's
« Start with title and abstract (may consider authors as well) per:zrch(sfn:lnd
« Scan tables, figures and figure captions " standard!

« Examine results and conclusions
« Do the data presented support the statements made?
« Do not worry about trying to comprehend the entire article at first
* Most articles will be skimmed rather than read from start to finish
+ Many articles are never read in detail
« Highlight key points and make notes on the paper itself so you
can go back to them later to refresh your memory

15


https://www.elsevier.com/journals/forensic-science-international-genetics/1872-4973/guide-for-authors
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Reference List Provided with Slide Handouts
497 References Across 26 Topics (A-to-Z)

Informative Forensic DNA Reviews and Research Studies (A-to-Z)

In our reference list, 26 categories are defined covering topics of
interest in forensic DNA analysis and interpretation (listed
arbitrarily from A to Z).

Neither the categories nor this reference list are intended to be
exhaustive. Suggestions for additional, appropriate references and
categories are welcome.

A #1 article (in bold font) was subjectively selected in each category
and then followed by reference citations defined by date in ascending
order with the most recent publications at the end of each category.
This letter and number system (e.g., A1, B3, F7) provides a simple
method to locate specific articles and enables opportunities for
expansion as the literature grows. Although some articles could
logically appear under multiple categories, no duplicate listings were
used. Recommended references from the SWGDAM 2020 Training
Guidelines have been included as well.

16 February 2021
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Reference List Provided with Slide Handouts
497 References Across 26 Topics (A-to-Z)

(480) Articles + (17) Informative Textbooks

K (1) _Interpretation: Binary Approaches (CPI, RMP, LR)  Module 7

A(4) Pain Language Guides o Forensic DNAAnalysis N (22) Court Testimony, Commurication of Resuls, Juror Comprehension Sudies
B (24) Serology and Body Fiuid dentfication 0 (29) Autosomal STR Markers and Kis___Module 5

C (25) Colection and Storage of Biological Material Module 4 P (1) Mitochondrial DNA Testing Module 10

D (18) DNAExtractionPPuiication, Differential Exraction | Q(17) Y-Chromosame and X-Cvomosome Testing

E (10) DNAQuaniiation, Degraded DNA R (14) DNADatabases and Investigative Genetic Genealogy

F (13) PCRAmpiification, Inhibition, and Artifacts Module 5 S (11) Statistical Analysis ~ Module 6

G (12) Capllary Electrophoresis Separaton and Detection T (1) Popuiation Genetics

H(7) Assessing Sanple Sutabilty and Complexty. Low-Template DNA U (24) DNAPhenolyping (Ancesty, Appearance, Age)  Module 11
1(12)_Estimating the Number of Contributors V (35) New Technologies (Rapid DNA. Massively Paralel Sequencing)

J (12) Data Iterpretation, Mixture Deconvoluion, Interlaboratory Stucies W (57) DNA Transfer and Activiy Level Reporting

X (15) Non-Human DNATestng__Module 9

'L (44) Interpretation: Probabiistc Genotyping Software (Discrele, Continuous)

[¥ 28 wetros vtaaton. uaty ool rman Factrs

™ (8)Report Wrilng and Techmical Review Module 8

Z (1) General Forensic Science Topics Module 12

Module 2 Value of a Knowledge Base Module 3 Training Standards ~ Module 13 Wrap-Up

17

evidence

item “
82

Mapping Our A-to-Z Reference Categories
onto the DNA Testing Process

Measurement)

Interpretati F G notyping
(Comparison/Stats) Software (PGS)

Collection/Storagel™\ Extraction/ \, Amplification)\ Separation/
Characterization Quantitation” STR Markers  Detection

reported

J
Data » Stats »Report
result

- 00 0000 0 000 g ...

° MDNA Testing

o Plain Languag: e DNAD:

° Y- and X-Chromosome
e General Forensic Topics o Phenotyping (Ancestry, Appearance, Age)

o Non-Human DNA Testing

18
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New SWGDAM Training Guidelines (July 2020)

Recommended References (129 + 6 websites)

The following resources may be helpful to the trainer in defining the

not meant to be all inclusive. The laboratory should develop a list
The previous 2013 version tailored to its specific needs.

e s @ breadth and scope of the materials for the trainee’s reading. This list is

listed 98 references and 1. General Forensic DNA and Autosomal STRs (42)

the same 6 websites (most . . " .
DD O 2. Mixture Interpretation/Population Genetics/

mixture interpretation and Probabilistic Genotyping/Statistics (40)

probabilistic genotyping) 3. Mitochondrial DNA (37)

« General Mitochondrial DNA Information (6)

“This list is not meant to be Feteron! 15
all inclusive. The laboratory cteropiasmy (19)
. + Maternal Inheritance (1)
should develop a list tailored i
+ Population Studies (1)

to its specific needs.”
4. Y STRs (10)

I July 2020 5. Informational Websites (6)

19

Origins of Our Literature List

+ On September 10, 2020, Phil Danielson (University of Denver), representing a team of seven
OSAC members compiling foundational literature, reached out to me and shared their list for my
input (it had 105 references + possible additions) :

« 5 “foundational” textbooks,

« 41 “foundational” reviews (subtopics: field of forensic sciences in general, serology,
collection and storage of biological material, epigenetics, DNA guantification, PCR process,

trace/touch type DNA, advanced and emerging DNA profiling technologies, mitochondrial
DNA haplotyping, DNA profile interpretation, presenting forensic DNA in the courtroom, and
non-human DNA analysis)

« 59 salient research studies (subtopics: serology, human factors, DNA
extraction/purification, DNA quantification, DNA profiling and validation, mtDNA haplotyping,
probabilistic genotyping, presenting DNA in the courtroom, and validation software)

I examined these references along with those in the SWGDAM 2020 Training
Guidelines, created a more comprehensive set of categories (from A-to-Z), added

many new references, created uniform reference formatting, and changed the titles to
i i " and ‘i ive forensic DNA reviews and research studies”
— this updated information was returned to Phil Danielson on September 24, 2020

20

Additional Input to Our MVP Reference List

« Discussion with fellow pi 'S as pr i developed
* Mecki Prinz, Robin Cotton, Charlotte Word

« Examination of updated OSAC 10-26-2020 list
* Included additional PGS, DNA transfer, and non-human DNA articles

« Feedback from Other Practitioners and Educators

+ Amy Brodeur (Boston University) — serology & body fluid ID, collection & storage
+ Teresa Cheromcha (Colorado Bureau of Investigation) — DNA transfer

21
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Plan for Examining MVPs in This Workshop

1. Discuss important principles involved with the category topic

(e.g., DNA extraction or PCR amplification)

2. In each examined category, briefly review the number and types
of articles in our reference list and number of times cited in
Google Scholar

3. Focus on one or a few specific articles and the findings reported

4. Summarize and review key takeaways

22

Acknowledgments and Disclaimers

Thank you to SWGDAM and Phil Danielson with the OSAC Literature Task Group
for their starting materials in developing these MVPs (most valuable publications)

Points of view are those of each presenter and do not necessarily

represent the official position or policies of the National Institute of
Standards and Technology.

Identification does not imply endorsement
Certain commercial entities are identified in order to specify

experimental procedures as completely as possible. In no case
does such identification imply a recommendation or
endorsement by the National Institute of Standards and

Technology, nor does it imply that any of the entities identified
are necessarily the best available for the purpose

23

Thank you for your attention!

John M. Butler

‘iohn.butler@nist.gov ‘

Robin W. Cotton

rwcotton@bu.edu

Please put questions  Mechthild “Mecki” Prinz
in the chat box while

our p ‘mprinz@jjgv.cunv.edu ‘
presentations and we will

answer them over the chat
or through a live Zoom Charlotte J. Word

session at the end - you N
can also email any of us... ciword@comcast.net

24
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16 February 2021

American Academy of Forensic Sciences 2021 AAFS
VIRTUAL WORKSHOP W19 (MVPs of Forensic DNA) @

Value of a Knowledge Base
for Educating Students
and Practitioners

Robin W. Cotton, PhD
Boston University Biomedical Forensic Sciences

Presentation Outline

» What s the value to you and your laboratory of keeping current by
reading the scientific literature?

. There are requirements to read the literature.

2. Expectations of Students vs Analysts

. The literature provides the basis of protocol development (in the past and
now)

. Change happens and is part of the scientific process

. Comments from students who are now in the lab

. Access to the scientific literature may not be easy

. Reading takes time

w

~No o s

Requirement for Reading the Literature

from the FBI DNA Quality Assurance Standards (2020)

16.1.2 The laboratory shall have and follow a program approved by the technical
leader for the annual review of scientific literature that documents the analysts’
ongoing reading of scientific literature.

16.1.2.1 The laboratory shall maintain or have physical or electronic access to a
collection of current books, reviewed journals, or other literature
applicable to DNA analysis.

Current QAS (2020) — available on FBI website (approved January 11, 2018)
hit foi. qovifil Jardat o i

laboratories.pdfiview



https://www.fbi.gov/file-repository/quality-assurance-standards-for-forensic-dna-testing-laboratories.pdf/view
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Student vs Analyst

« Students initially learn from textbooks; literature is added in. Goal is
to understand the basic principles that underpin forensic DNA
analysis.

* Refer to “THE List”

« In lab classes students have limited “hands on” exposure to the
techniques used in DNA analysis

« The literature basis needed for students is exceeded by “THE List”
assembled for this workshop.

« Students doing a thesis project for an MS degree are reading more
deeply in one or two areas related to their project and..

« Are getting extensive exposure to some DNA analysis procedures.

« They will begin to appreciate “THE List".

16 February 2021

Student vs Analyst

« The Analyst's learning process begins where the student’s learning
process ended and, in the best circumstances, continues throughout the
Analyst’s career

« Analyst training begins with additional reading and hands-on practice.
« Will gradually be responsible for many procedures
+ Will be responsible for making protocol choices to maximize the chance of obtaining
results (one reason to further appreciate “THE List”

« Post training, an analyst will make independent decisions regarding
methods and data interpretation.

« Post training an analyst will present data in court.

* NOTE..."THE List “ is looking useful.

. N ‘ In DNA analysis: ‘
» Academic training in: h d basi
= Biochemistry & molecular biology & cell biology where does our basic
= DNAand protein structure knowledge and our
= Enzymes protocols come from?
* Nucleases, polymerases, proteases
= Cell structure
= Body fluid cell types and their special characteristics
= Including: epithelial cells, sperm cells and other cell types
= Genetics
- inheritance, ClI structure (/ X&Y),
Polymorphic loci,
= Population genetics.
* Allele, genotype and DNA profile frequencies, Haplotype inheritance
= Statistics and Probability
= Measured DNA profile metrics, stutter, PH, PHR, mixture proportion
probability of drop-out,
= Analytical and other thresholds

= Methods for DNA profile evaluation, Likelihood ratio formulation and
calculation, probabilistic genotyping methods and reporting
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Analyst training provides - Information on the use of

simple and complex instrumentation & software used in
the laboratory.

« Common Equipment Includes:
« ph meter

« Bio-hazzard hood and PPE
« Centrifuges, pipettes and other small equipment
« DNA extraction sample handling robot and associated

software
« gPCR instrument and associated software
« Capillary electrophoresis instrument and associated

software
« GeneMapper or similar software

« STRmix, TrueAllele, DNA Mixture Solution or similar
software

For the DNA analyst the documents below are added to

the list of journal articles that becomes the “literature”
basis for procedures and analysis:

« Current journal articles related to laboratory
procedures

« Laboratory protocols
« Equipment and software manuals

« Safety procedures
* QA/QC procedures

« Information about sample contamination
« Other training information

What makes you a forensic “scientist’

Definition of “scientist”:
An expert who studies or works in one of the sciences

https://dictionary.cambridge.org/us/dictionary/englist

A person learned in science and especially natural
science : a scientific investigator

https://www.merriam-webster.com/dictionary/scientist

Some hallmarks of a scientist:
Curiosity

Continuous learning
Seeing the need for change as scientific processes and

understanding changes

Committee on the Conduct
States of America 86(23): 905

Science (1989) On being a
074.

National Academy of Sci
scientist. PNAS of the Uy



https://dictionary.cambridge.org/us/dictionary/english/expert
https://dictionary.cambridge.org/us/dictionary/english/studies
https://dictionary.cambridge.org/us/dictionary/english/works
https://dictionary.cambridge.org/us/dictionary/english/science
https://dictionary.cambridge.org/us/dictionary/english/scientist
https://www.merriam-webster.com/dictionary/science
https://www.merriam-webster.com/dictionary/scientific
https://www.merriam-webster.com/dictionary/scientist
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When did DNA testing begin in the US?
1987-1988

Are we doing the same thing we did in 1988
NO

If you do not read and remain interested in the
scientific literature, will you get left behind?

YES
10
Therefore, informed change
is critical.
11

In talking to students who have recently

become DNA analysts:

« They understand the importance of protocols.

« Discussions underscored the different
requirement's for reading during training in

different laboratories.
« Some training uses mainly textbooks for required reading
+ Other incorporate more journal articles

« New trainees are using, for as long as possible,
their University library facilities.

« They are surprised by the lack of access to scientific
journals.
* Some have paid, on their own, through AAFS

+ Some are not members of AAFS

12



Most Valuable Publications of Forensic DNA
(J.M. Butler, R.W. Cotton, M.K. Prinz, C.J. Word)

Challenges the Forensic DNA Community
Faces with Continuing Education

* QAS requi for inuil ion are only a start
« Minimum of eight (8) hours per year for seminars and one (1) or more articles to read will not cover
much ground

+ How does anyone know if you learned anything since there is no assessment of what
was learned?

« For example, which articles are essential for you to understand and will expand your
expertise in DNA mixture interpretation?

« Rapid and continuous evolution of the field

+ New STR kits, new CE instruments, new software, new potential approaches for analysis (e.g., NGS)
and e, listi i are)

(e.g.,
+ There are lots of articles to chose from based on interest or need...

* Numerous articles are being published each year
+ Which articles should you choose to study?

16 February 2021

13

Open access to scientific information:

« Via authors’ permission (i.e., authors’ payment)
« Open access journals

» PLOS One; https://journals.plos.org/plosone/

* Peer J; https://peerj.com/

« Other open access journals or articles are “noted” when
looking at the results of a search:
« Can be identified using PubMed;
https://www.ncbi.nim.nih.gov/pmc/
* Google Scholar

14

Opportunities to Get Electronic Access to Journals

ISFG membership includes free access to the print and anline editions of

ad and
dosmload . ISFG
memaess h ns and lectures
of invited s

https://www.aafs.org/

https://www.isfg.org/
60 euros (~$72.50/year)

#1 Journal on
Forensic DNA

Elsevier Forensics Package ($133/year) includes electronic
access to AAFS members ($165/year):

« Forensic Science International

« Forensic Science International: Genetics

+ Journal of Forensic and Legal Medicine and Legal Medicine
+ Legal Medicine

« Science & Justice

15
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American Academy of Forensic Sciences AAFS
VIRTUAL WORKSHOP W19 (MVPs of Forensic DNA)

February 16, 2021

A Review of
Training Standards

16 February 2021

Charlotte J. Word, PhD
Independent Consultant

Presentation Outline

« Existing Standards for Training for Forensic DNA
Testing

* Brief Overview of OSAC and ASB Process

« Training Standards Being Drafted and Developed

AAFS Standards Board

Quality Assurance

Standards Documents EXiSting Standards

‘ https://www.swgdam.org/publications

2020 Quality Assurance Standards

The Quality Assurance Standards for DNA Databasing | 6- TRAINING 6.1-6.11; ~2 pages

Laboratories, Effective July 1, 2020 16. Professional Development 16.1-16.2; 1 page
The Quality Assurance Standards for Forensic DNA 6. TRAINING 6.1-6.13; ~2.5 pages
Testing Laboratories, Effective July 1, 2020 16. Professional Development 16.1-16.2; 1 page

The FBI Quality Assurance Standards Audit for DNA
Databasing Laboratories, Effective July 1, 2020

The FBI Quality Assurance Standards Audit for Forensic
DNA Testing Laboratories, Effective July 1, 2020

The Guidance Document for the FBI Quality Assurance
Standards for Forensic DNA Testing and DNA Databasing | 6. TRAINING 6.1-6.13; ~6 pages
Laboratories, Effective 07/01/2020 16. Professional Development 16.1-16.2; ~2 pages
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SWGDAM Training Guidelines - APPROVED July 7, 2020

Scientific Working Group on
DNA Analysis Methods

Training Guidelines

https://www.swgdam.org/

16 February 2021

‘ https://www.iso.org/standard/66912.html

ISO/IEC 17025:2017

General requirements for the competence of testing and
calibration laboratories

« A new section has been added intro-
ducing the concept of risk-based
thinking and describes the com
monalities with the new version of

“Training” only used 3 times 150 9001:2015, Quality management
systems — Requirements.

g% Designation: E2917 - 19a
il https://www.astm.org/Standards/E2917.htm

Standard Practice for
Forensic Science Practitioner Training, Continuing
Education, and Professional Development Programs’

atica indscaes the yeat of
the year of last reapproval. A

INTRODUCTION

Some material in this practice is based on the Technical Working Group for Education and Training
For S Vational Institute of Justice (TWGED, NLI), Special Report, Education and

nce: A Guide for Forensic Science Laboratories, Educational Institutions,

in
Training i

and Students (1),

Revisions being considered as new annexes for Crime Scene Investigation & Seized Drugs
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General Requirements

» Documented training program

« Education and training in procedures for all steps of process,
evaluation of data, reporting, testimony

« Practical exercises

« Demonstrate skills and knowledge

« Oral communication skills with mock trial

« Competency

» Modifications to training — based on previous vs. re-training
« Documentation of training with record retention

16 February 2021

Training Standards History

MAFS Standards Board

AAFS ASB DNA Consensus
Back to OSAC for
Body for Slandard. approval to list on the
Development as American OSAC Registry*

National Standards

Written by Biological
Methods or Biological Data
Interpretation and Reporting
Subcommittees of
Biology/DNA SAC of OSAC

*New Process Implemented in October 2020

ANSI/ASB Published Standards for Forensic @
Training
ANSUASE Standard 022, Standard for Forensic DNA Analysis Traini First Edition, 2019 5 published; more coming!
ANSUASE Standard 023, Standard for Training in Forensic DNA Isoi; ff First Edition, 2020
This document provides requirements to er training in the meth NA isolation and purification used within the trainee's forensic DNA laboratory.
SRS St 10 S fo i e et i o, 2520

tEdition, 2020

INA quantfistion

http://www.asbstandardsboard.org/published-documents/dna-
published-documents/
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Organizational OSAC Registry

Structure

Governing Documents

| 0sAC Registry

—) Standards Under OSAC

Consideration REGISTRY
Standards Open for

Comment

mmmsm) Public Documents

OSAC Registry
Implementation

https://www.nist.gov/osac/osac-registry

10

REGISTRY

@ ASB Published Standard & on OSAC Registry

ANSI/ASB Standard 022 Standard for

Forensic DNA Analysis Training Programs,
First Edition, 2019

This standard provides the general
requirements for a forensic DNA laboratory’s

training program in DNA analysis including
data interpretation.

An “umbrella” normative standard required for meeting
S ) the requirements in the other training standards.
S Stardors bt

ANSI/ASB Standard 022 Standard for Forensic DNA

Analysis Training Programs, First Edition, 2019

o Personnel

oAll laboratory personnel shall have a successfully completed training
prior to...
o Training coordinator; Trainee with experience; New methods

o Training Program
o Content of the Training Program — General; Quality; Safety; Lectures &

Exercises in all steps; Bias; Ethics; Limitations
o Documentation; Administration; Revisions; New methods; Re-training
o Competency Testing

o General
o Required — oral, written
o Administration; Assessment; Re-testing

o Documentation

12
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Training Standards

Reportingand
enci " Review
——— Data Analysis

3 Testiony
(Ll FEEE -

@ ASB Published Standard Going through
the OSAC Registry Approval Process *

ANSI/ASB Standard 023, Standard for
Training in Forensic DNA Isolation and

Purification Methods, First Edition, 2020

This document provides requirements to
ensure proper training in the methods of
DNA isolation and purification used within

the trainee’s forensic DNA laboratory.

*Public Comment Period completed February 5, 2021

AFS Stardards Board

Topic Specific Training Standards

All follow the same general outline:

04.1 General — Normative Reference of Standard 22

oKnowledge-based training
oPrinciples, Theory, Limitations
oProtocols, Validation, Literature

oTopics specific to that area — the how and why of that
process

oPractical Training — Knowledge; Observe; Perform
oCompetency Testing — Knowledge-based and Practical

Competency

15
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@ ASB Published Standard Going through
the OSAC Registry Approval Process *

ANSI/ASB Standard 116, Standard for

Training in Forensic DNA Quantification
Methods, First Edition, 2020

This standard provides the requirements for
a forensic DNA laboratory’s training program

in DNA quantification.

*Public Comment Period completed February 5, 2021

@ ASB Published Standard Going through
the OSAC Registry Approval Process *

ANSI/ASB Standard 115, Standard for Training
in Forensic Short Tandem Repeat Typing

Methods using Amplification, DNA Separation,
and Allele Detection, First Edition, 2020

This standard provides the requirements of a
forensic DNA laboratory’s training program in

forensic Short Tandem Repeat typing methods
using amplification, DNA separation and allele
detection.

*Public Comment Period completed February 5, 2021

@ ASB Published Standard Going through
the OSAC Registry Approval Process *

ANSI/ASB Standard 110 Standard for Training in
Forensic Serological Methods, First Edition, 2020

This standard provides the general requirements
for a forensic serology training program to

evaluate body fluids, stains, or residues related
to forensic investigations. This standard does

not address training in forensic DNA analysis
procedures.

*Public Comment Period completed February 5, 2021
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Training Standards In Progress

Standard 91 — Standard for Training of Analysis of Forensic STR Data

« Standard 78 — Standard for Training of Forensic Autosomal and Y STR Data
Interpretation

« Standard 81 — Standard for Training in the Use of Statistics in Interpretation of
Forensic DNA Evidence

Standard 80 — Standard for Training of Forensic DNA Reporting and Review

« Standard 154 — Standard for Training of Courtroom Testimony for Forensic DNA
Analysis

Standard 79 — Standard for Training of CODIS

Standard 140 — Mitochondrial DNA Analysis, Interpretation, Statistical Evaluation,
and Reporting

Standard 130 — Standard for Training in Forensic DNA Amplification Methods for
Capillary Electrophoresis Sequencing

Standard 131 — Standard for Training in Forensic DNA Sequencing Using
Capillary Electrophoresis Sequencing

16 February 2021

19

Biology/DNA Standards and Best Practices
Developed by OSAC & ASB Webinar Series  promega

#1 - PUBLICATION OF NEW STANDARDS AND BEST PRACTICES — THE
PrROCESs - JuLy 15, 2020
Presenters: John Paul Jones, Robyn Ragsdale and Teresa Ambrosius

#2 - MIXTURE INTERPRETATION VALIDATION, AND PROTOCOL DEVELOPMENT
AND VERIFICATION — AUGUST 1, 2020
Presenters: Charlotte Word and Joanna Johnson

#3 - TRAINING STANDARDS OVERVIEW - SEPTEMBER 9, 2020
Presenters: Kim Murga and Beth Ordeman

#4 7£/é&\211D,ATIOPJ OF PROBABILISTIC GENOTYPING SYSTEMS — JANUARY 20,

Presenters: Brian Higgins and Joel Sutton

,?' » AC‘ Available On D d at: www.promega.com/webinars

ARFS Standards Board

How To Participate

1) Help draft documents — apply to join
* OSAC Human Forensic Biology Subcommittee (2020)
« https://www.nist.gov/topics/organization-scientific-area-committ
forensic-sciencelapply-join-osac
+ ASB DNA Consensus Body
* http://www.asbstandardsboard.org/asb-standards/
2) Review and submit comments on document
Download document and comment template
« ASB Standard Development

« http://www.asbstandardsboard.org/notice-of-standard-development-
and-coordination/
+ OSAC Registry
« https: vw.nist.gov/topics/organization-scientific-area-committees-
forensic-science/standards-open-comment

3) Implement Standards in your laboratory

AAFS Standards Board
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¢ Thank you for your attention!
John M. Butler

john.butler@nist.gov Thank You to:
OSAC
Robin W. Cotton ASB
rwcotton@bu.edu Commenters
) Promega
Please put questions  Mechthild “Mecki” Prinz :
in the chat box while

watching our pre-recorded ‘ m pl'i nz@jjav.cunv.edu ‘
presentations and we will

answer them over the chat
Charlotte J. Word

or through a live Zoom

session at the end — you A
can also email any of us... ciword@comcast.net
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American Academy of Forensic Sciences 2021 AAFS
VIRTUAL WORKSHOP W19 (MVPs of Forensic DNA) @

February 16, 2021

MVPs on DNA Collection,
Extraction, and Quantitation

Robin W. Cotton, PhD
Boston University Biomedical Forensic Sciences

1
Presentation Outline
« Principles used in DNA collection, DNA extraction and DNA
quantification
* MVP’s on DNA Collection
« #1 article and why
* MVP’s on DNA Extraction
« #1 article and why
« MVP’s on DNA Quantitation
« #1 article and why
« Summary and other thoughts...
2
Steps in Forensic DNA Testing
O Emmlwl\‘ Marker Sets g:&‘;::“’> Data p Stats P
: Interp
g * al =
o .“‘k& Success of the entine
> / frocess begins hene!!
1|
3
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Critical Principles in DNA Collection and Extraction
and Quantitation

« Collection (Section C)

1. The efficiency of collection will depend on the deposition substrate and the
collection device substrate

2. Contamination occurs as early as the evidence collection step
3. Validation of collection methods is complicated by the number of variables
« Extraction (Section D)
1. The efficiency of DNA Recovery varies with extraction methods.
2. Efficiency is measured relative to total possible DNA, comparison of methods
does not measure efficiency
3. Reduction of co-purification of inhibitors varies with extraction methods
4. Differential Extraction relies on the di-sulfide bonds which are within and
between protamines | and Il and package the DNA in the sperm nucleus
* Quantitation (Section E)
1. Reproducibility is related to the standard curve
2. Kits are robust and can also assay for degradation and inhibition

16 February 2021
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Collection and Storage of Biological Material
Topic Categories-C-25 articles)

« Sampling methods
« DNA degradation * C3- the double swab
. C2 technique
« C5,C7, C11, C14, C15,
C16, C19, 23, C24, C25
« Contamination upon sampling
« C9 transfer when packaging + Specific sample type
evidence, C18 C12, C20, C21, C22

16 February 2021

« Standard practices * Success rates
- C10from TWG on Bio.Evid. ~ * " C&
Samples + C13 defines issues with cell
release from swabs
. C17
#1 MVP on Collection & Storage of Biological Material
RENSIC e
PR Vincems v Marion 8.5 2020 Publication
s 33 Citations
Knowledge on DNA Success Rates to (Jan 16, 2020
Optimize the DNA Analysis Process: From
Crime Scene to Laboratory*
+ Why is this article valuable?
« This article provides a method to analyze laboratory DNA
results and use this data to predict success rates and eliminate
ing on evid that is y to prodi
results.

Runner Up: Collection & Storage of Biological Material

Forensic Science International: Genetics .
lournal hamapage: wew.slacar stataigan

The double-swab technique versus single swabs for human DNA recovery | #
from various surfaces ==

2020 Publication

Linda Jarsson
iljestrand”, Christin

e Akel™, Naniry Wallmark
erg’, Ricky Ansell™

« Why is this article valuable?
« The paper takes a close look at published 1997 procedljlre

that is in use and r gates with upd:
experiments
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DNA Extraction/Purification, Differential Extraction
Number of

Journal Article Source i

FSIGenetis ot avaiablo
IRomsos, £.L and Vallono, P.M. (2019) Estinaton of axaction officency by droplt dighal PCR.
Chapman, BR. Blackwel, S.J. Miller, LH. (2020) Forensic tectniques for e solation of

Sparmatozoa from sexal assail samples - A review. Forersic Soance Reviw 32(2): 105-116. Gy || Tt

Walsh.P.S, Metzger. DA, el (1991) Crelx 100 25 amedkam forsiple eiracton of ONA for  oiccp o
PCR-based typing from forersic matei, Biotechna 689
Gill P. Jffteys Al el (1985) Forensic apicaion of DNA ‘ngerpins Noture 1531
Comey. C.T., Koors, BW. et (1994) ONA extracton strateges for amplfied fragment lengh = =

polymorpiism analyss.

Lorell, O.M. Digall, TM., ol (2007) High effconcy DNA extractn from bono by tota . —

Gemoraization. i

Moripalt, S.A, Fich, LT, st (2005) A srple aulomated intrement for DNA extraciion i forensic s 125

casewor.

Nagy, M., Otromba. P oLal. (2008) Opnizaton and vaidation of a sy autrmated sica-coaled = =

magretc beas purfcaton techncogy i foronsis

rewnov, M.G. Pawar, S, et.al. (2008) Devslopmental vakdaton of e PregFiler Forersic DNA . ®

Exiracion Kt forexiracton of genomic DNA from bilogcal samples.

Gastala, V., Dimo-Simanin. N. o (2006) Forensec evalation of the QlAshvedder/QiAamp DNA = =

extracton procedue.

Ansinger, K. Bayer, B. ot of the BioRobol EZ1 i =

Frégeau, C.J, Lo, GM.,oal. (2010) Validalon of a DNA 1Q™-basod extracton mothod for TECAN —

roboticlaud handing werkstatons fo procossing casowork Lo &)

It Jof Legal .

‘Scmeider, H., Sommerer, T. etal. (2011) Hot fiakes n cld cases. Mea.

Siray, E. L, LY., oLl (2010) Extraction of DNA fromforersi bilogical samples for genaiyping. 5 ReVe "
JE and Srewale, JG. (2010) Extraction of DNA from huran remains. Forensic Scence e — 5

Review 22(2): 177185

Radsizom, P, Knuisson, R., ot (2004). Pr-PCR processing: Stategies {0 gonerale POR- prem— s

compaitie sampes.

arash, K, Harson, E.K. ot al. 2018) Sngle source DNA profle recovery from sin cols 508163 s,/ g ust o

from skin and fabic from touch DNA mixiures in mock physical assas.

Samie, L, Champod, C.,tal. (2018) The effiiency of DNA extraction ki and the efficency of e g

recovery ectriaues o release DNA usig flow cytometry

10

DNA Extraction/Purification, Differential Extraction

Topic Categories; Section D-18 articles

« Differential extraction » Measuring extraction
+D1and D18 efficiency

+ D16 and D17

« Extraction methods

« D2, D3, D5, D8, D9, D10 « Specific sample type
+ D12 and D15

* Robotics

+ D6, D7, D13

11

#1 MVP on DNA Extraction/Purification, Differential

Extraction
Nature 1985, v318: 577-579

.z» Forensic application of 1985 Publication
DNA ‘“fingerprints’

Cited 1331 times

Peter Gill*, Alec J. Jeffreyst & David J. Werrett* Jan 16, 2020

* Central Research Establishment, Home Office Forensic Science
Service, Aldermaston, Reading, Berkshire RG? 4PN, UK

+ Depariment of Genetics, University of Leicester, University Road,
Leicester LE1 7RH, UK

« Why is this article valuable?
« This is the original differential extraction paper. Current

procedures still use this basic method with few
modifications for sexual assault evidence samples.

12
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Runners up: DNA Extraction/Purification, Differential
Extraction

Samie, L., Champod, C., et.al. (2019) The efficiency of DNA extraction
kit and the efficiency of recovery techniques to release DNA using flow
cytometry. Science & Justice 59(4):405-410

Romsos, E.L. and Vallone, P.M. (2019) Estimation of extraction
efficiency by droplet digital PCR. Forensic Science Int. Genetics
Suppl. Series7: 515-517

Why are these articles important?

Both of these papers examine the actual efficiency of DNA
extraction. That is, they use known amounts of starting cells
and measure the amount of DNA obtained post extraction

16 February 2021
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DNA Quantitation, Degraded DNA

Journal Artcle Source. Numberof Citations
Hol, A, Oson, S, etal. (2015)A DNAbased screering assay tostreamine sexual assaut sample Amer. Lab, Pot avaiiatle
processing
Nature 6030
Lindahi,T. (1993) Instabilty and decay of the primary structur of DNA.
Buter, JM. Shen Y., etal. (2003) The development of reduced size STR ampicons as toos for s 630
analysis of degraded DNA
Aacddin, R Walsh,S.J., atal. (2010) Forensic plications of genetic analyses from dograded FSI Genatics 264
DNAa review.
Groon, RL., Roinestad, .G, eLal. (2005) Dovelopmertal valdaton of the Quarifle real-time PCR & =
i or the quanification of uman nuclear DNA sarpies.
Bartisin, . Fang, R, etal. (2009) Developmental vaiidation ofthe Quanfler Duo DNA
a oS o
of PCR inhibiors i biological sampls.
Grgicak. C.M., Urban, ZM. etal, (2010) Ivestigaton of reprocucitiity and eror associated witn s o7
PCR methods using Quantfiler® Duo DNA quariifcation kit
Hol, A Wootton,5.C.,at.a. (2016) Developmental vakdation of the Quantfler(® HP and Trio Kts S| Genetics 3
for human DNA quantifcation in frensic samples.
Electrophoresis ®
Loe, $.8. McCord, B., etal. (2014) Advances in forensic DNA auaniifcation: a review:
Vieira-Siva, C., Afonso-Costa, H, etal (2015) Quantiler® Tro DNA vaiidation and usefuness in FSI Genatics 5
casework sampies.
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DNA Quantitation, Degraded DNA
Topic Categories-Section E-10 articles)

- gPCR + gPCR Kits

< E1 - E4, E5, E8, E9, E10,
« DNA degradation + gPCR Reproducibility
« E2,E6 - E7

* Mini STR loci * Robotics

- E3 - D6, D7, D13
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#1 MVP on DNA Quantitation & Degraded DNA

2010 Publication

m TECHNICAL NOTE
CRIMINALISTICS

Catherine M. Greicak! Ph.D.; Zena M. Urban,' 8.5.: aind Robis W. Cotron,! PhL

Cited 67 times
(Jan 16, 2020)

Investigation of Reproducibility and Error
Associated with gPCR Methods using
Quantifiler” Duo DNA Quantification Kit*

+ Why is this article valuable?

« This article demonstrates that use of a new standard curve for each run increases
the variation in quant resuits.

+ Use of a “virtual” standard curve based on multiple standard curves provides
increased reproducibility (i.e., reduces variation) and saves reagent costs

16 February 2021

16

Thoughts...

» The procedures used for, and the research
done, on collection of DNA evidence
samples and the use and characterization
of DNA extraction procedures represent
the best potential to increase overall DNA
profile success rates.

* More DNA means better profiles and fewer
low template profiles.

17

Thank you for your attention!

John M. Butler
‘iohn.butler@nist.gov ‘

Robin W. Cotton
rwcotton@bu.edu

!Dlease put questions Mechthild “Mecki” Prinz
in the chat box while . .

ing our p ‘mprmz@ugv.cunv.edu ‘
presentations and we will
answer them over the chat
or through a live Zoom Charlotte J. Word
session at the end - you

can also email any of us... ciword@comcast.net
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VIRTUAL WORKSHOP W19 (MVPs of Forensic DNA) @
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MVPs on PCR,
STRs, and CE

16 February 2021

John M. Butler, PhD
National Institute of Standards and Technology

FFORENSIC

Acknowledgments and Disclaimer

Thank you to SWGDAM and Phil Danielson with the OSAC Literature Task Group
for their starting materials in developing these MVPs (most valuable publications)

Points of view are mine and do not necessarily
represent the official position or policies of the National
Institute of Standards and Technology.

Certain commercial entities are identified in order to
specify experimental procedures as completely as
possible. In no case does such identification imply a
recommendation or endorsement by the National
Institute of Standards and Technology, nor does it imply
that any of the entities identified are necessarily the
best available for the purpose.

Presentation Outline

« Principles involved with DNA Measurements (PCR, STRs, and CE)
* MVPs on PCR
+ Number and types of publications in this category
« #1 article and why
* MVPs on STRs
+ Number and types of publications in this category
« #1 article and why
* MVPs on CE
« Number and types of publications in this category
« #1 article and why
« Summary and Key Takeaways
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Steps in Forensic DNA Testing

Collection/Storagel™\ Extraction \ Amplification Separation/
Characterization Qulmlhﬂ\% Detection )’ Pta  Stats - Report

®.) 5[ \

| [itrarotavon]

Blood Stain Buccal swab Ll L ‘] o
Sample Collection  DNA Extraction | A0 E@ sficil

& Storage & Quantitation

" Male: 13,14-15,16-.
Multiplex PCR o i (1F Data Interpretation,

Forensic DNA Markers Tested: | Amplificationof T5o 0o siatistics & Reporting
Short Tandem Repeats (STRs)

STR Markers

GATA/ GATA/ GATA

=

Allele 9 GeneAmp9700  ABI 3500 GeneMapper/D-X
i software

capillary electrophoresis

16 February 2021

o

o

Basic Principles with PCR, STRs, and CE

. The polymerase chain reaction (PCR) is a widely-used molecular biology

technique that amplifies available DNA material into measurable amounts.

. During the PCR process, each amplified molecule can be labeled with a

fluorescent tag for detection purposes. Tags with different colors can be used.

. Forensic DNA testing examines selected short tandem repeat (STR) regions

in the human genome, which possess multiple alleles and vary in length.

. Commercial kits provide PCR reagents to copy, label, and measure multiple

STR markers simultaneously. Commonly used STR kits examine 24 markers.

. Capillary electrophoresis (CE) is a widely-used analytical chemistry technique

that separates DNA molecules by length and enables PCR-amplified STR
alleles to be analyzed by size and fluorescent dye color.

. CE results are displayed in an electropherogram (EPG).

Some Further Principles with PCR, STRs, and CE

7. When low amounts of DNA are amplified, the PCR results may not

exactly represent the original DNA sample, including the relative
quantities of each allele and genotype.

. When amplifying STR alleles, the PCR process introduces

artifacts, including stutter products, that complicate interpretation of
the resulting DNA profile.

. Relative fluorescence unit (RFU) variance (uncertainty) of a DNA

profile peak height is inversely proportional to the peak height.

10.Peak positions more accurately reflect allele calls than peak

heights represent relative allele amounts in EPGs.
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Gaogle Scholar
Number of
citations

PCR Amplification, Inhibition, and Artifacts
(Category F — 13 articles)

16 February 2021

(4 Jan 2021)
386 1. Walsh, P.S., Erlich, H.A. and Higuchi, R. (1992) Preferential PCR amplification of alleles:
i ions. PCR ds & Applications 1(4): 241-250.
22,498 2. Saiki,RK., Gelfand, D.H., Stoffel, S., Scharf, S.J.. Higuchi, R., Hom, G.T. Mullis, K 8., Erlich, HA. (1988)
DNAwiha 487491
1248 3. Clark, M. (1988). Novel by
DNA polymerases. Nucleic Acids Research 16(20): 9677-9686. Le lion P
184 4. Bloch,W.(1991) the 27352747,
139 5. Reynolds, R., Sensabaugh, G., Blake, FSI Genetics (3)
the polymerase chain reaction. Ana!ylrca!cnemrstryﬂm) 2:15. Nucleic Acids Res. (2)
443 s Walsh PS. Fides, N.J. Reynoige . (1 d characterization o at  PCR Method Appl. (1)
A 4(14): 28072812, Science (1)
67 7. Leclalr B., Sgueglia, J.B., Wojtowicz, P.C., Juston, A.C., Frégeau, C.J,. Fuumey R M. (2003) STR DNA- Biochemistry (1)
Journal  Anal. Chem. (1)
olForensrc ‘Sciences 48(5): 1001-1013, Anal. Bioanal. Chen. (1)
222 8. Alaeddini,R. (2012) PCR Forensic J. Forensic Sci. (1)
Genetics 6(3) 207-305. J. Forensic Logal Med. (1)
122 9. Brookes, C., Bright, J.-A., Harbison, S., Buckleton, J. (zmz) Charan\enzmg stutter in forensic STR Sci. Justice (1)
multiplexes. Forensic ‘Sclence Intemational: Genelrcsﬁ ): 58-63.
28 10 KumarP. Gupi R Singh . Jasia, 0P (2018)Efctcfatent ingerint devcopmentcagens on
subsequent forensic DNA ND\W a review. Journal of Forensic and Legal Medicine 3:
72 11. Cavanaugh, S.E. and Bamnck A S. (2018) Direct PCR amphﬂcal\onoﬂorensmmucn and other challenging
ONA samples: Areview. Forensic Science intemational: Genetic
52 12. Sidstedt, M., Hedman, J., Romsos, E L., Waitara, L., Wads, L., S\ewen,c R., Vallone, P.M., Radstrém, P.
(2018) Inhibition an
0 Analyticaland Bloanalytcal Chemistry $10(10): 25692563
(oonew)  13. Martin, B. and Linacre, A. (2020) Direct PCR: A review of use and limitations. Science & Justice 60: 303-310.
PCR Amplification, Inhibition, and Artifacts
(Category F — 13 articles)
* PCR biochemistry: « Inhibition:
+ Thermostable polymerase (F2) + Review (F8)
+ Components and conditions (F4) « Effects of latent fingerprint
« Early review on forensic use (F5) development reagents (F10)

Mechanisms with blood (F12)

« Amplification adjustments:

« Reduced PCR volumes (F7) « Artifacts:
Direct PCR (F11, F13) + Non-nucleotide addition (F3)
Stochastic effects with low DNA amounts « Stutter of STR alleles (F6, F9)

and potential solutions (F1)

F1. Walsh, P:S., Erlich, H.A. and Hi
PCR Methods & Applications 1(4): 241-250.

#1 MVP on PCR

chi, R. (1992) ial PCR ification of alleles: isms and solutions.

lilIResearch

Google Scholar

Cited 386 ti
Preferential PCR ; (eAJan zolzT)es

Amplification of Alleles:
Mechanisms and Solutions

. Sean Walsh, Henry A. Elich, and Russell Higuchl

Why is this article valuable?
+ Discusses stochastic effects with low levels of DNA (“the possibility of
an unequal sampling of the two alleles of a heterozygote...when only a few
DNA molecules are used to initiate PCR”")
«+ Introduces the first concept of a stochastic threshold (“adjusting the
cycle number such that approximately 20 or more copies of target DNA
[~125 pg] are required to give a typing result for that PCR system”)
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Autosomal STR Markers and Kits
(Category O — 29 articles)

+ ENFSI testing principles (O6)
+ U.S. expansion (O19)

Profiler Plus (09)
Profiler Plus & COﬂIer (010)
PowerPlex 1 1)
PowerPlex Fusion 6C (021)
SGM Plus (07)

« STRseq (023)

« Early work: ¢ Description of new STR loci:
« Caskey etal. (02, 03)and Canadian (04) « Core loci details (01, 017)

+ European expansion (O13)

« Validation of STR kits: « Beyond the current core (026, 027)
+ AmpFISTR Blue (05) * STRBase (08)
« GlobalFiler (024) * Any disease associations? (029)
« Identifiler (O12), Identifiler Plus (O16)
« Investigator 24plex QS and GO! (022) « Sequence information:
+ MiniFiler (014, O15) + STR allele variation (020, 028)
+ NGM SBlct (018) + U.S. population data for 27 loci (025)

16 February 2021
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#1 MVP(s) on STRs

01. Butler, J.M. i i STRIoci usedin identi ing. Journal of Forensic Sciences 51(2): 253-265.

Genetics and Genomics of Core Short Tandem
Repeat Loci Used in Human Identity Testing

Biology and Genetics of New Autosomal STR Loci

O17. Buter, JM. and Hil, GR Useful for Forensic DNA Analysis

(2012) Biology and genetics of | sz
new autosomal STR loci useful o R
for forensic DNA analysis.
Forensic Science Review 24(1
15-26.

Google Scholar
Cited 131 times
(4 Jan 2021)

Google Scholar
Cited 757 times
(4 Jan 2021)

11

ool Scdr Autosomal STR Markers and Kits

Number

catons  (Category O — 29 articles) — Part 1

(4 Jan 2021)
757

. Butler, J.M. (2006) Genetics and genomics of core STR loci used in human identity

testing. Journal of Forensic Sciences 51(2): 253-265.

1744 2. Eovards, A, Gtelo, A Hammond, H.A. Gaskey, CT.(1391) DNAtying and genctic mapping wih rimeric and
tetrameric tandem repeats. American Journal of Human Genetics 49(4): 746-756.

315 3. Frégeau, C.J. and Fourney, R.M. (1993) DNA typing with fluorescently vagged ‘short tandem repeats: a sensitive and
accirata aproach o mman denifcaton. BioTochnigies 15(1) 100-

612 4 Hommond, HA. in L. Zhon, ¥, Caskey, T Chalaabory . (1984) Eakaon of 13 shrttandem epeatioi foruso
appications. (1):175-189.

122 5 Valin M, Buoncristan MR, Lazaru KO Fides, . Hol, CL Wakh, PS. (1998) TWGDAM valdao of
AmpFISTR™ Blue 43(4): 854-870.
69 6 Gil. P, Sparkes, R., Fereday, L., Werrelt, D.J. (2000) Reportof the European Network of Forensic Science Insittes

(ENSFi): formuiation and testing of principls to evaluate STR muliplexes. Forensic Science International 108(1): 1-29.

217 7 Coton EA. Mson R Guost UL, Fraior RRE, Kouri, . Calow P, SeagorA Spares RL 2000 Velgation
of the AMPFISTR® SGM Plus™ systom

358 O Ruberg CM, Reedor, DL, Buter L. (2001) STRBases a shortandem repoat DNA database orthe hman entty
testing community. Nucleic Acids Research 29: 320-3:

48 © welyn, B.E, Fish, PA, Riech AK. Marcacei, TL. Gandor, DY, Parier, D, Carier R, Tnibaut, S .
(2001)Veclion o ne ATSFISTR ot P PR ampiteaton i o oo 1
Sciences 46(3): 642-646

72 10.LaFountain, M.J. Schwartz, M. PA, Wakkinshaw, MA. Buel, E. (2001) TWGDAM valdation of the AmpFISTR

B, Svete,
Profier Pius and AmpFISTR COfier STR muliplex systems using capilary electrophoresis. Journalof Forensic Sciences
46(5): 1191-1196.

Location Published

FSl Genetics (10)
J. Forensic Sci. (9)
Forensic Sci. Int. (3)
Am. J. Hum. Genet. (2)
BioTechniques (1)
Forensic Sci. Rev. (1)
Front. Genet. (1)

Int. J. Legal Med. (1)
Nucleic Acids Res. (1)
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413 1i.Krenke BE, Tereba, A, Anderson. S.J. Buel, E., Cuhane, S., Fiis, C.J., Tomsey, C.S., Zachett, J M., Masibay. A.,
Rabbach, D R, Aot E.A. (2002) Vaidation of 3 16-0cus fresceni miliplex System. Jourmalof Forensic
Sclences 47(4 773785,

277 12.Col, . Hormossy LK. Lot GS. by R, Rooir, 0. Foal, A 206 Dnspran lcton o2
v amoicaton o he 15 CODIS STA o D28.1346,D158435.ahd asogen s AMGPIGTR l6eniher FCR | ocation Publish
Srircaton K oumatolForonsi Sooncos 456) 1565 1311 Location Published

255 19.Gi P, Foroa L. oring, N, Schnedor, P, (2008)Th avokion of DNA databases—rcommercaions fr now )

05 T aan TRl Poronai Soonce hiamatin 196013 204 FSI Genetics (10)

163 14.Moero, ). Chang, CW. Lagace, RE, Wang DY, Bas. JL. Mehahon TP, Hernesey LK (2008) Deveopment and & [FEEEESE )
valdation of the AMPFISTR® MinFler™| PCR Amplfication Kit. a min'STR muliplex for the analysis of degraded andior Forensic Sci. Int. (3)
FERtoroted BRA Soumaro Foronei Saancos B3 $55.653 A, Hum. Genst. @)

28 15.Luce, C., Monipeit, S., Gangitano, D., O'Donnell, P. (2009) Vaidation of the AMPFISTR MiniFiler PCR amplfication kit for - BioTechniques (1)

use n forensic casework'. Journalof Forensic Sciences 54(5): 1046-1054

orensic Sci. Rev. (1)

125  16.Wang, D.Y, Chang, CW. Lagacé, R E, Calandro, LM, Hennessy, LK. (2012)Developmental valdaton of tr
o TR ceniier® s POR Ampifaion Kit an osabisnad msipex assay wih moroved perormance. Joural 0Nt Genet. (1)
of Forensic Sciences 57(2): 453-465. Int. J. Legal Med. (1)
131 17.Butlr, JM.and Hil, CR. (2012) Biology new Vucleic Acids Res. (1)

nalysis. Forensic Science Review 24(1): 15-26.

77 15.Green, RL. Lagacs, RE. Okdroyd, N.J, Hemessy, LK., Muero, J.J. (2013) Developmenial validation of the
o TH e S PcRAmmmcanan Kit: A next-generation STR muliplex with the SE33 ocus. Forensic
‘Sclence infernational: Geneics 7(1): 4

143 19.Hares, D.R. (2015) Selocton and implemertation of expanded CODIS core lociin the United Siates. Foransic Scionce

Infornational: Genatics 17 33-34.

124 20.Getings, KB, Aporte, RA., Valone, PM., Buter, JM. (2015) STR alele sequence variation: current knowedge and
Riure issues. Forensic Science Interational: Genetics 18: 18-130.
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60 Z1.Emsomberoer MG, Loz, KA, Maltves LI Hadooo, GM, Schnman, JE. ragch A, Morgan, MY,
nstrom, DT, Baker, VM., Gawrys. K . Hoogendoorn, M., Steffen, C.R., Martin, P. Aloso, A., Olson, H
Sorechar G- Sorta O (zmsj Bovelopment valcalon of e PowerPEx(®) Fusion 6G Systam. Foronsic Science
International: Genelics 21: 134-144.

37 22.Kraemer, M. Prochow A, Bussmann, M., Scherer, M, Peist, R, Stffen, C. (2017) Developmenial vaidation of p
GIAGEN Invostgator® 24pex G5 K and Investgaior 34piex GO! KIt Two 6.0y mupox assays fo s exondea Location Published
CODIS coreloct Forensic Science nfernatonal Geneics 29: -20.

41 23.Gotings, K. Borsu L A Balad, D. Bodnr, M. Budowe, B, Devesse. L, King, J Parson, W. Phils, C..Vaone, FSI Genetics (10)

m Repeat loci. Forensic Science . Forensic SGi. (9)

ntomatonss Gonetes ST 1A Forensic Sci. Int. (3)

24 Lo, ) 210 .t 41, Lot L Harmas LI S W g 0% 010 oovopror
“ Valdaton of GlobalFler™ POR Am. J. Hum. Genet. (2)
el oumlo Logo Modiing 1526 15551575 BioTechniques (1)
35 25 Getings, KB. Borsuk, LA, Steffen, C.R, Kiesler, KM, Valone, PM. (2018) Sequence-based U.S. popuiation data for FOrensic Sci. Rev. (1)
27 auosomal STR ool Foensc Sancs iemational: Gonatis 37 106-113 Front. Genet. (1)
10 20.Novoski, MM, Woerrer AE., Budowe, B, (2018) Potesal highy polymorphc shorttandem repeat markers for It J. Legal Med. (1)
% i

Nucleic Acids Res. (1)

8 27-Nowoski NN, Wend FR, Woerner AE, Bus, M. Cobl, M. Buowe, 8. (2010) Expaning boyond thecuret
ore STR loci: An exploration of 73 STR markers with increased dversiy for enhanced DNA mixture decomvoluton.
rensic Science International: Genstics 38: 121-129.

28 Devesse, L. i, L. Borsuk, L., Getings, K., Mason-Buck, G., Valone, P. M., Syndercombe Court, D., Balard, D.
(2020) Sasshissord orSTR o araton using massively paralel sequencing and assessment of flanking region
(oo new) power. Forensic Science International: Genefics 48: 102356.
1 29. Wi, N, Barash, M. McNovin, 0. short tandem nd their potential
phenotype. 1: 884. doi
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#1 MVP(s) on STRs

O1. Butler, J.M. (2006) i i STRlociused in identity testing. Journal of Forensic Sciences 51(2): 253:265.

 Provides genomic information and characterization of original core STR loci >

updated and refined with newer articles, such as Gettings et al. (see 020, 023, 025)
and Devesse et al. (see 028)

Table 3 - Genomic locations of core STR loci
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Recent Information on Number of Alleles Per STR Locus

028. Devesse, L., Davenport, L., Borsuk, L., Gettings, K., Mason-Buck, G., Vallone, P.M., Court, D., Ballard, D.
(2020) Classification of STR allelic variation using massively parallel sequencing and assessment of flanking region power.
Forensic Science International: Genetics 48: 102356

100
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£ . - sequence-based variation in FR) variants ac population
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ally in the cases of D55818 and
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Forensic STR Alleles Are Not Associated with Disease

029. Wyner, N., Barash, M., McNevin, D. (2020) Forensic autosomal short tandem repeats and their potential
association with phenotype. Frontiers in Genetics 11: 884.

" " & trontiers
- Itis a widely accepted notion that genetic markers

used in forensic applications are not predictive of

phenotype.

+ An extensive search of the literature returned 107
articles associating a forensic STR with a trait. Forensic Autosomal Short Tandem

+ THO1 had the greatest number of associations with 27 :;pg;ts aTJ:ﬁ'rp:::‘z:;I;
traits reportedly linked to 40 different genotypes. Five
of the articles associated THO1 with schizophrenia.
None of the found were
causative or predictive of disease.

« At present, there has been no demonstration ~ Conclusion: “While the results of this

: " . . study did indicate a large number of
of folrer.|s|c S.TR variants directly causing or e e W
predicting disease.

forensic STRs, none were found to
be independently causative or
predictive of disease.”

17

Google Scholar H 1 1 H
o scroiar Capillary Electrophoresis Separation and Detection
citations - 1
Srters | (Category G — 12 articles)
299 1. Butler, J.M., Buel, E., Crivellente, F., McCord, B.R. (2004) Forensic DNA typing by
capillary electroj horesis using the ABI Prism 310 and 3100 Genetic Anal lyzers for
R analysis. Electrophoresis 25: 1397-1412.
8 S 2 e S St g o e oy T
a4 Er b e L A Clotoptoress ©
165 4 Loz K. wash .S, Onks . iber, D. Rosertm, 5. Monchen, S Schaler,D. Worz. M, Ht, G Waln 4 « J. Forensic Sci. (3)
B S L B SR AR AT Ty e ] Lot Sl
Bl Mmmes e e AT MR R SOy [ e oraene ()
SR ST R R A A SRR SIS ES L v B
%3 o o Cherm. (1)
264 7. Mot T, St AL D, OA. Koy X1, St 10 oS . (200 kot gt
A S AL S D1 ot 4, S B S B 0 reton
9 LS A S O S S e e ey
3 SO A S SR s ! -
66 testing. Journal of Forensic Sciences 52(1): 97-101. 1200 P e
“ B P e
2 2. 0. A, Eberst. .S, and Marciano, M A, (2019) Automated detection and remval of capillary electrophoresis
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Capillary Electrophoresis* Separation and

Detection (Category G — 12 articles)

rinciples and par. : « Validation efforts:
« Injection, separation, detection (G1) « FBI validation of ABI 310 (G7, G8)
+ Separation (G6) + Precision studies with ABI 3100 (G9)

« Temperature effects (G2)

+ Column length, voltage, polymer (G3)  « Setting analytical thresholds:
+ Run-specific (G10)
+ Allele and locus drop-out rates (G11)

« Early instruments:
« ABI 310 Genetic Analyzer (G4) ’ .
« Prototype 48-capillary array (G5) « Spectral calibration:

+ Automated detection (G12)

*STR alleles can also be separated by gel electrophoresis
or detected by next-generation sequencing methods

19

#1 MVP on CE

G1. Butler, J.M., Buel, E., Crivellente, F., McCord, B.R. ) pillary
using the ABI Prism 310 and 3100 ; 13971412,

Elckophoress 2004, 2, 13971412 T

Review Google Scholar

s uer Forensic DNA typing by capillary electrophoresis Cited 299 times

Fodsrica Crvellanie? using the ABI Prism 310 and 3100 genetic analyzers (4 Jan 2021)

Bruco R. Mecar for STR analysis

"Mational I of Standards

a0 Tecracko, S ——

D, LA
iy,
Deparinert o
Ritar, o, USA

Why is this article valuable?

« Sample preparation, injection, separation, and detection principles are
examined and explained

20

Argon ion Data Collection
) LASER with ABI Genetic Analyzer
Size. ABI Prism
° spectrograph G1. Butler, J.M,, B

McCord, B.R. (2004) Forensic DNA typing by

capillary electrophoresis using the ABI

Prism 310 and 3100 Genetic Analyzers for

Color STR analysis. Electrophoresis 25: 1397-1412.
Fluorescence w ;

CCD Panel (with virtual fiters)

Sample Detection

< Processing with GeneMapper/D software

I L

e,

Mixture of dye-labeled
PCR products from
5 multiplex PCR reaction

Sample
Preparation

Sample Interpretation
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Summary and Key Takeaways

« The polymerase chain reaction (PCR) enables sensitive DNA detection;
stochastic effects occur when amplifying low quantities of DNA

« Core sets of short tandem repeat (STR) markers are used in forensic DNA

testing; these markers have been extensively characterized and possess
no known iation with any g di:

« STR alleles can vary in their overall length (number of repeat units), with
their internal sequence of repeats, and in the flanking region; some STR
markers vary more than others as reported in recent sequencing efforts

« Capillary electrophoresis (CE) remains the primary method for
STR typing in use today, although research efforts show

benefits of STR allele sequencing to extract more information
from samples

22

Thank you for your attention!

John M. Butler

‘iohn.butler@nist.qov ‘

Robin W. Cotton

rwcotton@bu.edu

Please put questions Mechthild “Mecki” Prinz
in the chat box while

our p ‘mprinz@jjgv.cunv.edu ‘
presentations and we will

answer them over the chat
or through a live Zoom Charlotte J. Word

session at the end - you | @
can also email any of us... ciword@comcast.net
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American Academy of Forensic Sciences 2021 AAFS
VIRTUAL WORKSHOP W19 (MVPs of Forensic DNA) @

February 16, 2021

MVPs on
Population Genetics
and Statistical Analysis

16 February 2021

Robin W. Cotton, PhD
Boston University Biomedical Forensic Sciences

Presentation Outline

« Principles of Population Genetics and
Statistical Analysis which impact the analysis
and interpretation of DNA profiles
< MVP’s on Statistical Analysis (Section S)
« #1 article and why

*« MVP’s on Population Genetics (Section T)
« #1 article and why

« Summary and other thoughts

Steps in Forensic DNA Testing

Collection/Storagel  Extraction/ \, Amplification Separation)
Marker Sets_/ Detection ﬁa"’ s"“>“"’°")

Measurement Interpretation

gidtidtegians,

1
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Critical Principles in Population Genetics and
Statistical Analysis

« Population Genetics
1. Hardy Weinberg Equilibrium and the required assumptions
2. Allele frequency and genotype frequency calculations
3. Requirements for use of the product rule (Linkage Equilibrium)

« Statistical Analysis
1. Training and working knowledge of basic statistics is needed
for all analysts
. Understanding of normal and other distributions
3. Hypothesis testing and confidence intervals
4. Laws of probability and use of LR calculations

N

16 February 2021

Population Genetics

Number of
Journal Article. Source Citations.
Evoluion 18415
Weir, . and Cocketham, C.C. (1984) Estimating F-statstcsfor the analysis of population siructure:
Guo, SIW. and Thompson, EA propor o Bometics so11

Science 1585

Hardy, G H. (1908) Mendelan proportions ina mixed population.
B  Nichols, R A. (1954) DNA p bty calcution: how to alow forpopulation Fsi a8s
s latedness, database selaction s

Science 270
Stem, G. (1943) The Hardy-Weinberg law.

Chalaborty, R (1992) Sarple siza requirements for addressing the pogusation genetc issues oforensic use  tyman Biology. 150
NA typing
Annual Rev.of =
Genetcs.
Weir,B.S. (1994) The effecs o inbreeding on forensic calcuiatins.
Buckieton, . Curran, J. el (2016) Populaton-specific FST valves or forensic STR markers: A woridwide S| Genetcs -
sunvey.
Fsi %
Buckieton, J.5.,Curran, M. etal model in DN
51 Genstis 2
Curan, JM, Waish, S.J st
Stoco, C.D. D, otal F ‘Amals of Human -
popuiations. Genetics.

Population Genetics
Topic Categories; Section T-11 articles

« Original Theory « Population samples and
- T2 (1908) allele frequencies
+ T3(1943) * T1(1994)
* T5(1992)
« Population structure * T6(1992)
« T4(1994) + T8(2006)
- T7(1994) * T9(2007)
* T10(2014)
+ T11(2016)
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#1 MVP on Population Genetics

Forensic Science International

£ February 1004, Pages 125.140 I!-H
1994 Publication
DNA profile match probability ¢

culation: ; .
3 : P Cited 484 times
how to allow for population stratification, (Jan 16, 2020
relatedness, database selection and single
bands

* Why is this article valuable?

« Foundational article, calls 1992 NRC suggested calculation method
“ad-hoc & overly conservative”. WHICH IT WAS

« This article proposes the use of LR, as well as adjustments to allele
frequencies that are “sound” from population genetic view.

7

Statistical Analysis
Journal Article Source [imsteroy
lper, G Person. £, (1994 o s of i o sl s o 15 51051 B 84d
St & s T, £ G0 Gyt vt rers DA i 1 Genetcs ,3
Foroman, LA and Evet, LW, (2001), Statistial analyss o suppor foensi topretatonforanow 1t JofLegal ,z
Toviocus STR prfing systrn. [
Law, Prob, and -
Curan. M. 2005), A nrocucton to Bayesian creit intervls o saping rorin DNA profles Rik
Royaistat
. Robers P, etal (2010) raciionsr Gice No. 1. Fuamentls of Proabity and Socetys w
Statistcal Evidoncs I CimnatProcaedngs: Guidance for Jucges, Lawyrs,Forensic Sciatstsand
Expor Winesses Growp,
e, Stat.
Review 50
Foreman, LA, Champod, et.al. (2003) Interpreting DNA evidence: A review.
DNA s 34
database(s).
Royal St
Roberts,P.and Aken, C. 5 Soctys W
Edence ana Jutges, Lawyers, Forensic aring
Sclntsts and Expar Winesses Growp,
" e alE
Royal st
Soctys u
Jackson, . Aten, . et No.s Workng
fordudges Lawyrs o
Royal St
Sodotys
Puch-Sois, . Robrts. . etal. (2012) Practtonr Gide N, . Assessing e Pobatve Vake of  Workng ©
o Tor dudges Lawrs G
Statistical Analysis
Topic Categories; S-(11 articles)
« Challenge to Forensic « Statistical
Science: Methods/Bayesian
+ $1(2013) + 82 (1934)
+ S6 (2005)
« Review articles from Royal + S8(2012)

Statistical Society Working

Group on Statistics & the Law X X
» DNA profile frequencies

+ 7 (2010) + 83 (2000)
- Se2012) - 4 (2001)
+ $10 (2014) - 5 (2003)
+ S11(2014)
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#1 MVP on Statistical Analysis

Science and Justice

JoUrnal hemapage: www. slseyler.com/lacate seljus

Editorial

» Is forensic science the last bastion of resistance against statistics? 2013 Publication

13 Citations

« Why is this article valuable? Jan 16, 2020

« Author asks: Why is there so much resistance to change?

- “Statistical interpretation is a vital part of a modern
forensic scientist’s toolbox. It is incumbent upon us, as a
community, to make sure that we have the best tool set

available and that everyone knows how to use it.”

10

Other Thoughts:

« Textbooks in the first section have good reviews of statistics and
population genetics as noted in their titles.

« Courses in probability more advanced courses (past one
semester) in statistics will prove valuable in your work and your
understanding of results.

« There are numerous papers in Sections E, G, |, L and Y that
provide examples of the applications of statistics to
understanding and analysis of DNA results.

11

Thank you for your attention!

John M. Butler

‘iohn.butler@nist.gov ‘

Robin W. Cotton
rwcotton@bu.edu
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can also email any of us... ciword@comcast.net

12


mailto:john.butler@nist.gov
mailto:rwcotton@bu.edu
mailto:mprinz@jjay.cuny.edu
mailto:cjword@comcast.net

Most Valuable Publications of Forensic DNA
(J.M. Butler, R.W. Cotton, M.K. Prinz, C.J. Word)

American Academy of Forensic Sciences 2021 AAFS
VIRTUAL WORKSHOP W19 (MVPs of Forensic DNA) @
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MVPs on Binary Approaches
to Mixture Interpretation

16 February 2021

Mechthild K. “Mecki” Prinz, PhD
John Jay College of Criminal Justice

Presentation Outline

« Basic Principles of Binary Mixture Interpretation
« MVPs on Binary Approaches (CPI, RMP, LR)
» Number and types of publications in this category
« Discussion of three MVP papers
« #1 article - 2006 ISFG Recommendations on Mixture Interpretation
1998 Article on Mixture Deconvolution (borrowed from section J)
+ 2016 Guidance on CPI
« Summary and Current Status

Basic Principles of Binary Mixture Interpretation

« Binary interpretation is based on the presence and absence of allele
peaks
« This approach still requires peak height considerations to:
« Apply analytical and stochastic thresholds
« Decide which type of mixture is present
* Mixture types can be
« Distinguishable mixture with a major and a minor component
« Indistinguishable mixture without an obvious major component but
high peak heights and no evidence of stochastic effects
« Indistinguishable mixture with evidence of stochastic effects
-possibility of drop out
« Mixture type decides next steps
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Google Scholar
Number of

citations. (Category K — 11 articles)
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Interpretation: Binary Approaches (CPI, RMP, LR)

16 February 2021

Location

FSI Genetics (4)
For Sci Int (3)

J For Sci (2)

Int J Leg Med (1)
BMC Genetics (1)

Interpretation: Binary Approaches (CPIl, RMP, LR)

(Category K — 11 articles)

Recommendations:
« ISFG (K1) with editorial (K2) * 2p rule (K3)
« ENFSI (K4) + RMNE vs LR (K5)
+ German Stain Commission (K6)
« FBI Laboratory (K7)
+ Use of CPI (K10) + Practical evaluation:
+ RMP and RMNE (K9)
« Defining parameters: * LR (K11)

« Identifiler Mixtures (K8)

More on variability of mixture parameters
and i of different appi in
Mixture Deconvolution (J) and
Probabilistic Genotyping Systems (L)

« Mathematical Evaluation:

MVP Binary Approaches

K1 Gill, P,, Brenner, C.H., Buckleton,

S., Carracedo, A., Krawczak, M., Mayr, W.R., Morling, N., Prinz, M., Schneider, P.M.

and Weir, B.S. (2006) DNA Commission of the International Society of Forensic Genetics: Recommendations on the

interpretation of mixtures. Forensic Science International 160: 90-101.

Auailable oeiins 3w sclencedieect com

ELSEVIER Foremi: Scence semaiosl 1) 20681 011

DNA commission of the Intemational Society of Forensic Genetics:
Recommendations on the interpretation of mixtures

A. Corracedo®, M. Krawczak ", WR. Mayr",
. Schicider ', B.S. Weir!

P, Gill**, CH. Bremner”, 1S, Bucklet
N. Morling ¥, M. Prinz"

Why is this article valuable?

« Includes critical evaluation of CPI (or RMNE) calculation
« Provides recommendations for mixture interpretation

« Addresses stutter, drop-out, degradation

Google Scholar
Cited 332 times
(12 Jan 2021)
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MVP Binary Approaches

K1 Gill, P, Brenner, C.H., Buckleton, J.S., Carracedo, A., Krawczak, M., Mayr, W.R., Morling, N., Prinz, M., Schneider, P.M.

and Weir, B.S. (2006) DNA Commission of the International Socmy of Forensic Genetics: Recommendations on the
interpretation of mixtures. Forensic Science International 160: 90-101.

® Recommendation 1: The likelihood ratio is the preferred

approach to mixture interpretation. The RMNE approach is
restricted to DNA profiles where the profiles are unambig-
uous. If the DNA erime stain profile is low level and some

minor alleles are the same size as stutters of major alleles,
and/or if drop-out is possible, then the RMNE method may
not be conservative.

» Rec 2 and 3 discuss use of LR in court and recommend approach for unrestricted LR calculation.
* Rec 4 and 5 endorse mixture deconvolution and competing LR propositions.

* Rec 6 requires the consideration of minor alleles masked by stutter.
» Rec 7 and 8 explain when to consider drop-out and when to make minor

alleles not suitable for comparison.
* Rec 9 issues caution on using thresholds and mixture parameters for LCN.

Important Article on Mixture Deconvolution

: 7'"%“‘."“,, Article J3 on MVP list
. Internalional

Google Scholar
Cited 321 times

(12 Jan 2021)
Analysis and interpretation of mixed forensic stains
using DNA STR profiling

P oGil*

Wtk

TM. Clayton®*, JP. Whitaker*, R. Spark

Reference recommended in Gill et al. 2006 — K1

Important interpretation step — goal DNA database profile

8

Important Article on Mixture Deconvolution

J3. Clayton, T.M., Whitaker, J.
stains using DNA STR prof

parkes, R. and Gil, P. (1998) Analysis and interpretation of mixed forensic
. Forensic Science International 91(1): 55-70.

15w

2000

Steps towards mixture interpretation:
« Recognize artefacts to identify true alleles

« Determine number of contributors Nk
« Determine mixture ratio e

« Formulate genotype combinations, if possible
discount some combinations based on peak heights

and ratio
« Compare to references
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MVP Binary Approaches

Indistinguishable mixtures:

Most widely used mixture statistic for many years

RMNE or CPI
« Variety of protocols on

« how to apply stochastic thresholds
« deal stutter and possible allele sharing
« Wide variation in which loci were disqualified, not only between

different SOP’s but also within a laboratory.

10

MVP Binary Approaches

K10. Bieber, F.R., Buckleton, J.S., Budowle, B., Butler, J.M., Coble, M.D. (2016) Evaluation of forensic DNA
mixture evi protocol for ion, i ion, and isti i using the il

r ol
probability of inclusion. BMC Genetics 17(1):125.
TS

o a1 st 2301 0T BMC Genetics

Google Scholar
Cited 55 times
{1 Ee (12 Jan 2021)

Evaluation of forensic DNA mixture
evidence: protocol for evaluation,
interpretation, and statistical calculations

using the combined probability of inclusion

Frederick i Bicher ™, John 5 Buckleton™™, Bruce Budowle™, John M. Butier® and Michas! D). Coble®

Why is this article valuable?
« Includes discussion of merits and limitations of CPI calculation

« Provides very specific rules and guidance for locus-by-locus
decisions required for CPI calculation

11

MVP Binary Approaches

K10. Bieber, F.R., Buckleton, J.S., Budowle, B., Butler, J.M., Coble, M.D. (2016) Evaluation of forensic DNA
mixture evi protocol for ion, i ion, and statisti fons using the i
probability of inclusion. BMC Genetics 17(1):125.

To formalize the interpretation the overriding principle

(P) for use of loci in CPI calculations is:
P;: Any locus that has a reasonable probability of allele
drop-out should be disqualified from use in calculation

of the CPI statistic.

Recommendations R1- R8 with Guidance

« Covers how to apply stochastic thresholds and consider potential
allele masking and additive effects prior to disqualifying a locus.

« Covers exceptions, e.g. for interpreting only major alleles.

« Emphasizes use of all loci and peak height considerations for
exculpatory purposes.

12
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Value of Peak Height Consideration

Manually including or excluding a person o
of interest prior to calculating statistical A

weight still requires consideration of peak Q POLRS| RS&PQ
height and the determination of number & PRESQ SQ&FR
of contributors. 818 a1

PS&RQ RQ&PS

RS
Also true for CPI.
13 16 Restricted
. . . . 14 15 genotype combinations
Main disadvantage of binary systems is “ e PQ&RS RS&PQ
loss of information for distinguishable Suspect genotype L1681605 | 141881318

mixtures.

Image courtesy of John Butler (2015) Advanced Topics in DNA Typing: Interpretation

13

Use MVP list to find related Articles

1. Need to understand effects of individual mixture characteristics

on statistical evaluation
« Applicability of each approach.

« Differences in statistical weight for the same mixtures.
2. One article comparing software programs in that respect is

K11 — Marsden et al. 2016.
3. Other relevant papers evaluating binary mixture interpretation

can be found in section L.

14
Impact of Peak Height Information on Statistical Weight
Article borrowed from Section L (L22 on MVP list)

A |, 1:1mixture D 1: 4 mixture

imes

Research Article (08 Jan 2021
o Comparison of the perfermance of different
Jo-Rane Bright models for the interpretation of low level
Sy ot iconn oasccn mixed DNA profiles
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Summary and Current Status

1. Binary mixture interpretation works BUT

« Does not make use of valuable information.
* Manual approach is difficult to standardize.

« Interpretation protocol becomes very complicated especially for
large multiplexes, complex mixtures, and low template amounts.

2. Continuous interpretation approaches with probabilistic
genotyping and likelihood ratio assigning software are

recommended.

16

Thank you for your attention!

John M. Butler

‘iohn.butler@nist.qov ‘

Robin W. Cotton

rwcotton@bu.edu

Please put questions Mechthild “Mecki” Prinz
in the chat box while

our p ‘mprinz@jjgv.cunv.edu ‘
presentations and we will
answer them over the chat
Charlotte J. Word

or through a live Zoom

session at the end - you | @
can also email any of us... ciword@comcast.net
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American Academy of Forensic Sciences 2021 AAFS
VIRTUAL WORKSHOP W19 (MVPs of Forensic DNA) @

February 16, 2021

MVPs on Probabilistic
Genotyping Systems

16 February 2021

John M. Butler, PhD
National Institute of Standards and Technology

FORENSIC
L SENGE Module 8

Acknowledgments and Disclaimer

Thank you to SWGDAM and Phil Danielson with the OSAC Literature Task Group
for their starting materials in developing these MVPs (most valuable publications)

Points of view are mine and do not necessarily
represent the official position or policies of the National
Institute of Standards and Technology.

Certain commercial entities are identified in order to
specify experimental procedures as completely as
possible. In no case does such identification imply a
recommendation or endorsement by the National
Institute of Standards and Technology, nor does it imply
that any of the entities identified are necessarily the
best available for the purpose.

2
Presentation Outline
« Principles involved with Probabilistic Genotyping Software (PGS) Systems
* MVPs of PGS
« #1 article and why
+ Number and types of publications in this category
« Summary and Key Takeaways
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Some Important Principles

1. High sensitivity DNA testing can result in complex DNA mixtures, especially
from touch evidence

2. Complex DNA mixtures with 3 or more contributors often involve low level
DNA where STR allele dropout may occur; allele stacking and stutter

artifacts also complicate interpretation

3. With previous binary approaches to mixture interpretation, “inconclusive” may

be the only option available to analysts

4. Probabilistic genotyping uses computer simulations to infer the likelihood of
possible genotype combinations for mixture contributors

Probabilistic Genotyping Software (PGS)

+ Consists of two primary approaches:

1. discrete (evaluates alleles with a probability of dropout) — e.g., FST, Lab Retriever
2. continuous (utilizes alleles and their peak heights, etc.) — e.g., STRmix, TrueAllele

« Uses sta al modeling informed by biological data (in the case of
continuous approaches), statistical theory, computer algorithms and/or
probability distributions

« Infers potential genotypes and/or calculates likelihood ratios (LRs)

» Requires user inputs and propositions (e.g., estimated number of contributors)

« Multiple software programs and models exist

« Some are open-source, and some are commercial (proprietary code)

Airure oo™ PGS DNA Mixture Interpretation . e

( (cets frommutipe )

rovi
\mj\lﬂhu\ovs w—dewsW (from vgevanl popuiations)
— Number of i P itions set
estimated (H1 and H2 based on 5
(assumption made based on ‘number of contributors, profiles provided
examining EPG data) case-speciicsiaton) (Known profies needed)
Sample collected Detnad by valdaton sttes
PGS model List of weighted genotype Likelihood Ratio (LR)
@ parameters applied possibilities produced from assigned (based on
(peak heigh, stutert, i i
Data obtained [:> B (usually MCMC with continuous PGS) profles, and pop. data)
(extraction, quant, PCR,
EPG with STR profie) biological models P i istical models
Level of input data ilisti i (PGS) System
determined by lab Report generated
(ia analytica treshoid) (LR verbal equivaent provided)
Defined by vaiidaton studies Testimony offered
(LR verbal equivalent provided)

Butler, J.M. & Wills, S. (2020) Interpol review
of forensic biology and forensic DNA typing

2016-2019. FSI Synergy 2:352-367. Available
at hitps://doi.org/10.1016/] fsisyn.2019.12.002

Trier-of-fact decision made
(considering DNA rests with other info)

6
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Interpretation: Probabilistic Genotyping

Software (Discrete, Continuous)
(Category L — 44 articles)

* Reviews:

DNA Commission on allele drop-out/in (L11)
PGS overview and history (L1)

Comparison of statistical models (L17)

+ Continuous Models:
« Early work (L3, L4, L6, L7, L9, L10)
* Modeling stutter (L13, L15)
« Low template profiles (L23, L31)

+ Historical: 20 years of R&D (L26)
+ Paradigm shift (L34)
+ Statistical evaluation of forensic evidence (L24)

+ Information gain from peak heights (L37)

* Likelihood Ratios:

« Framework for addressing questions (L2)
« Exploring nondonor distributions (L12, L44)
« Calibration and method validation (L16, L35)

* Validation:
+ Definitions and recommended tests (L25, L.32)

* EuroForMix studies (L29, L39)
+ TrueAllele studies (L5, L8, L27, L28, L43)

+ STRmix theory and sludles(L14 L18, L19, L20, L21,
L30, L33, L36, L42, L44)

« STRmix collaborative exercise (L40)
Comparing model performance (L22, L29, L38, L41)

#1 MVP(s) on PGS

L1. Coble, M.D. and Bright, J.-A. (2019) Probabilistic genotyping software: An overview. Forensic Science International:
Genetics 38: 219-224.

PO P——

Google Scholar

Forensic Science International: Genetics Clted 30ltimes)

(8 Jan 2021)

journal hamapnge:

Probabilistic genotyping software: An overview

Michael D. Coble

. Jo Anne Beight

et s g,

« Why is this article valuable?

« Provides a historical perspective and overview on the movement from
binary methods of interpretation to probabilistic methods of interpretation

sxgeseroar INterpretation: Probabilistic Genotyping Software
mons (Category L — 44 articles) — Part 1
(8 Jan 2021)
40 1. Coble, M.D. and Bright, J.-A. (2019) Probabilistic genotyping software: An N 5
overview. Forensic Science International: Genetics 38: 219-224. Location Published
92 2. Evelt, |W.(1983) Whatis the probabilty that this blood came from that person? A meaningful .
question? Journal of the Forensic Science Society (Science & Justice) 23:35-39. FSI Genetics (26)
122 3. Gil, P, Kirkham,A., Curran, J. (2007) LoComatioN: A software tool for the analysis of low copy J. Forensic Sci. (5)
number DNA profilés. Forensic Science International. 166:128-138. Forensic Sci. Int. (3)
23 4 Cowell,R.G. (2009) Validation of an STR peak area model. Forensic Science International: Genetics SCi- Justice (3)
3Q3): 163-10. PL0S ONE (2)
81 5 Perlin, MW.and Sinelnikov, A. (2009) An information gap in DNA evidence interpretation. PLoS ONE APPl. Stat. (1)
4(12) e8327. Electrophoresis (1)
37 6. Tvedebrink, T, Eriksen, P.S., Mogensen, H.S., Momng N. (2010) Evaluating the welghluiewdence J. Theor. Biol. (1)
by using quaniitative short tandem mpeatdata in DNAmixtures. Applied Statistics 59(5): 855-874.  Ann. Rev. Stats. Appl.
61 7. CowelR.G, Lauritzen, S.L., Mort systems for rtifact; 1
cumplex A btirer: Poronic Sunca erhatona: Ganenes o) 30556 Stat. Appl. Genet. Mol.
191 8 Per MM, CE., Smith, JLL, Allan, W.P. Belrose, J.L., Duc Biol. (1)
42011) Vg T eATeict A misturs prerproliion. Jourmarof Eovense Sclences Sy, 1430-
57 9. Tvedebrink, T, Eriksen, PS. Mogensen, H.S., Morling, N. (2012) Statistical model for degraded DNA
samplos and ities for enelics 6: 97-
32 10. Kl H. Bright JA, Guran, M. Buckiston, . (2012) Modeling heterozygote balance infrensic
profiles. Forensic Science Interational: Genstics b: 729-734,
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swseseroar INterpretation: Probabilistic Genotyping Software
rof

e (Category L — 44 articles) — Part 2

(8.Jan 2021)

107 11 Gil. P, Gusmao, L., Haned, H., Mayr, W R.,Morling, N., Parson, W., Prieto, L., Prinz, M., Schneider,

H., Schneider, PM., Weir, B.S. 12012) NA ommission of The Imemahona\Socwe\ye!Ferens Location P
enetics: f STR ‘may include drop-out and/or
irop-in GenelrcsG(G) 679-688.

M2 12 Gil, P.and Haned, H. (2013) Anew methudulog‘cawamswmk lointerpretcompiex DNA profies R Eit ()
using likelihood ratios. Forensic Science International: Genefics 7(2): 251-2 J. Forensic Sci. (5)

28 13 Bright,J-A., Curran, J.M., Buckleton, J.S, (2013) Investigation into the performance of different Forensic Sci. Int. (3)
S o e i e S ince el B RS 55455 Sci. Justice (3)

178  14. Taylor, D., Bright, J.-A., Buckleton, J. (2013) The interpretation of single source and mixed DNA PLoS ONE (2)
profiles. Forensic Science International: Genetics 7(5): 516-528. Appl. Stat. (1)

75 15. Puch-Solis, R., Rodgers, L., Mazumder, A. Pupe ., Evett, |., Curran, J., Balding, D. (2013) Electrophoresis (1)
Evaluating forensic DNA profiles using 9 pesk heghts, aHowmg 'for multiplé donors, allelic dropoutand J. Theor. Biol. (1)
stutters. Forensic Science International: Genetics 7(5): 555- Ann. Rev. Stats. Appl.

78 16. s, D. and Gonzalez Rodiguez, 4, (2013) Relable support: measuring calibrationofikelinood (1)

Iauos Folensrc Science /memairana/ZSD 156-169. Stat. Appl. Genet. Mol.

48 17. KeHy‘ H., Bright, J.A., Buckleton, J.S., Curran, J.M. (2014) A comparison of statistical models for the Biol. (1)
analysis of complex forensic DNA profiles. Science & Justice 54(1): 66-70.

25 18. Taylor, D., Bright, J.-A., Buckleton, J. (2014) The ‘factor of two' issue in mixed DNA profiles. Journal of
Theoretical Biology 363: 300-306.

34 19. Taylor, D., Bright, J.-A., Buckleton, J. (2014) Interpreting forensic DNA profiling evidence without
‘specifying the number of contributors. Forensic Science Intemational: Genetics 13: 269-280.

20 20. Taylor, ., Bright, J.-A., Buckleton, J. (2014) Considering relatives when assessing the evidential
strength of mixed DNA profiles. Forensic Science International: Genetics 13: 259-263.

16 February 2021
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sxoeseror Interpretation: Probabilistic Genotyping Software
imons (Category L — 44 articles) — Part 3
(8 Jan 2021)
5p 21 Bright J-A, Taylor, D., Curran, J.M., Buckleton, J. (2014) Searching mixed DNA profiles directly
Genetics 9: 102-110. Location Published
32 22. Bille, TW., Weitz, S.M., Coble, M.D., Buckleton, J., Bright, J.-A. (2014) Comparison of the performance
f different models for the inte tati f low level d DNA profiles. Electrophc 35: 3125~ "
ot diferni model o th nepreaionoflw 6ve| mied DNA profies. Elciophoresis FSl Genetics (26)
20 23. Steele, C.D., Greenhaigh, M., Balding, D.J. (2014) Ve Iikelioods forlow template DNA profies. 3-.-01onSic Sel. (8)
sl .0, Gragnhaig, M. Balding, 0.1, (2014)Veriyig eihoods foraw tarmpiste DNA prfles Foronsi St nt. @
ci. Justice
65 24 Steele, C.D.and Balding, D.J. (2014) Statistical evaluation of orensic DNA profile evidence. Amnual  py 5 N ((2))
Review of Statistics and its Application 1: 361-384. Appl. Stat. (1)
38 25 Bright LA, Evett LW. TaylorD. Curan, JM, Buckiston, J. (2015) A seres of recommended tests bp!
wfven validating probabmsﬂc DNA; proﬁ »
Genetics 14: 125- J. Theor. Biol. (1)
97  26. Gil, P, Haned, H., Bleka, O., Hansson, O., Derum, G. and Egeland, T. (2015) Genotyping and Ann. Rev. Stats. Appl.
\merpreiauon of STR-DNA: Low-template, mixtures and database matches-Twenty years of research (1)
100-117. Stat. Appl. Genet. Mol.
28 27 Perin, MW, Homyak M., Suglmoto G., Miller, K W. (2015) TrueAllele® genotype identificationon  Biol. (1)
DNA mixiurs fve Journal of 857-868
23 28. Greenspoon, S.A., Schiermeier-Wood, L., Jenkins, B.C. (2015) Es\abllshmg the limits of TrueAllele®
Casework: Avalidation study. Journal of Forensic Sciences 60(5): 1263-1
39  29. Bleka, @., Benschop, C.C., Storvik, G. and Gill, P. (2016) A comparative smuy of qualitative and
quantitative models used to interpret complex STR DNA profiles. Forensic Science International:
Genefics 25: 85-96
64 30. Bright, J.-A., et al. (2016) Developmental validation of STRmix, expert software for the interpretation of
forensic DNA Emﬂes Forensic Science International: Genetics 23: 226-239.
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sxgeseroar INterpretation: Probabilistic Genotyping Software
(Category L — 44 articles) — Part 4

(5 Jan WH
20 3

Slcle. 0. Greenhalgh, . and Baling. D.J. (2016)Evaluaton oflw-lemplete DNA rofes using
peak haights. 15(5): 4 Location Publis}
17 32, Haned, H,,Gil, P, Lohmueller, K., Inman, K., Rudin, N (201S)Vahda|\on of probabilistic genotyping
sftwar orus i foensic DNA casevork: Dofiions and usiatons enced Jusics 363 164 FSI Genetics (26)
J. Forensic Sci. (5)

46 30 Moreli TR st RS, Kofl, 8.0, Wils,LE. Buckilon, 4. Brght LA, Taylor, DA and Onorato, Forensic Sol. It ()
A.J. (2017) interal validation of STRmix for the interpretation of single source and mixed Soi. Justice (3)
profiles. Forensic Science Intemnational: Genetics 29: 126-144, PLoS ONE (2)
12 34 Bt A Taylor, D, Gilson, S Buckllon, . (2017) The paradign s in DNA profle Apol, Stat. (1)
i 1: e2d-¢:
Electrophoresis (1)
85 35 Meuy D.Ranos, D. Haraksim,R. (2017)A guideln o the valdaion ofkelihood ato meihocs §
i
48 angm. J-A. etal. (2018) Internal validation of STRmix™— a multi \aburaturyrespunsem PCAST. 1""' R
Forensic Science International: Geneics 34: 11.24. (S Aopl Genet. Mol
3 37, Siolen, K. (2018) The nformation gain rom poak heigh data n DNA mixturs. Foronsic ciorce T ETER LI
Intenational: Genetics 36: 119-1. iol. (1)
6 s Suaminathan H. Quroshi MO, Grg\cak C.M., Dufy, K. and Lun, D.S. (2018) Four model variants
within mirtur and
repumng PLoS ONE 311} 80207500,
8 % 0p, C.C.G.. Niveld, A., Duis, F.E. and Sijen, T. (2019) An assessment o the performance of
ihe probabilti gonolyping sofwars EuroForMix Trands i kelinood ratioe and ancyeis of Type | &
Werrors. Forensic Science Infernaional: Genetics 42: 31-38
10 0. Bright, J-A, etal. (2019) STRmix™ DNA mixure Forensic

Science International: Genetics 40:1-8.
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swseseroar INterpretation: Probabilistic Genotyping Software
mtons (Category L — 44 articles) — Part 5

(8 Jan 2021)

7 41 You,Y.and Balding Software for complex DNA profiles.

Foroni Seiones ermattonsh Gonenes 40 14415, Location P
42, Lin, M.H., Bright, J.-A, Pugh, S.N., Buckleton, J.S. (2020) The interpretation of mixed DNA profiles
(too new) from a mather,fiher, and Ghi i Foremsic Scence ifomational Genetios 4. 102175, FSI Genetics (26)

7 43 Bauer,D.W, Butt,N., Homyak, J.M., Perlin, M.W. (2020) Validating TrueAllele® interpretation of DNA 9 FOrensic Sci. (5)
mixtures containing Up to ten unknown contributors. Journal of Forensic Sciences 65(2): 380-398. Forensic Sci. Int. (3)

1 44, Schuerman, C. Kalafut, T, Buchanan, C., Sutton, J., Bright, J.-A. (2020) Using the nondonor Is,i' ‘S"gt’cEs g)

improve inform for I from minor contributors - PLOS ONE (2)

in mixed DNA profiles. Journal of Forensic Sciences 65(4): 1072-1084. Appl. Stat. (1)

Electrophoresis (1)
J. Theor. Biol. (1)

Ann. Rev. Stats. Appl.
“

Stat. Appl. Genet. Mol.
Biol. (1)
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Assessment of PGS Performance

L39. Benschop, C.C.G., Nijveld, A., Duijs, F.E. and Sijen, T. (2019) An assessment of the performance of
the p genotyping software EuroForMix: Trends in likelihood ratios and analysis of Type | & Il
errors Forensic Science International: Genetics 42: 31-38.

Forensic Science International: Genetics

ot
An assessment of the pes
EuroForMix:

ree of the prob
rends in likelihood ratios and anal

yping software
1 & II errors

Also discussed in Chapter 9 “Validation” (pp. 277-308) of Peter Gil, @yvind Bleka, Oskar
Hansson, Corina Benschop and Hinda Haned (2020) Forensic Practitioner’s Guide to
the Interpretation of Complex DNA Profiles (Elsevier Academic Press, San Diego)
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Different Categories of Mixture Types Were Studied
in Exploring the DNA Mixture Factor Space

L39. Benschop, C.C.G., Nijveld, A., Duijs, F.E. and Sijen, T. (2019) An assessment of the performance of
the probabilistic genotyping software EuroForMix: Trends in likelihood ratios and analysis of Type | & II
errors. Forensic Science International: Genetics 42: 31-38.

Tzhh z

© propostions and

5 of DNA wsid per donor to create o total of 20 different mistures per dataset

Mistre Type Msambes of contributoes
2 3 + 5
Pcugrams DA pes consribusor
45 mior 2 mor than i w1 0150150 0015015150 10150150150

B major 103 m

any mince 30030

s00: 00:30:30:30:30
et wich s ot 150150 150
& s than misors 15030 13
0 10w more han miswrs w030 o
T H 5 s

Total DNA amount

Sample quality

Number of contributors
Degree of allele overlap
Contributor component ratios

“Factor Space”
in DNA Mixture
Studies

ahwN2
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Multiple Donor Combinations Used to Create
Different Degrees of Allele Sharing

L39. Benschop, C.C.G., Nijveld, A., Duijs, F.E. and Sijen, T. (2019) An assessment of the performance of
the probabilistic genotyping software EuroForMix: Trends in likelihood ratios and analysis of Type 1 & Il
errors. Forensic Science International: Genetics 42: 31-38.

Table 1 Specific
Overyiew of the six donor used for misture genotypes can be
Dataset Type of dataset  Number of contributors kept anonymous
number _— and still
. 4 differentiate
various degrees
High allele achie abod abicdie Of a"ele Shanng
s
2 Low allele sharing  £g  fgh  fghi Fghiij
3 Random Kl kkk  kkkn Kekmeno
a Random P pgr pqest
5 Random Y wvw v u
6 Randam zaa  waxab  zaaaba a
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Summary and Key Takeaways

« There is a growing literature on probabilistic genotyping software (PGS)

« Continuous PGS models (involving peak heights) use more information

from samples than discrete models (with only allele information) or binary
approaches (that cannot cope with the possibility of allele drop-out)

+ DNA mixture factor space that is explored in the well-designed studies
includes (1) total DNA amount, (2) contributor component ratios, (3) number of

contributors, (4) degree of allele overlap, and (5) sample quality
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Thank you for your attention!

John M. Butler

‘iohn.butler@nist.gov ‘
Robin W. Cotton

rwcotton@bu.edu

Please put questions  Mechthild “Mecki” Prinz
in the chat box while

our p ‘mprinz@jjgv.cunv.edu ‘
presentations and we will

answer them over the chat
or through a live Zoom Charlotte J. Word

session at the end - you N
can also email any of us... ciword@comcast.net
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Some Principles and Thoughts with DNA Transfer
and Activity Level Propositions

The importance of DNA transfer and activity propositions has increased in
recent years with use of highly sensitive DNA testing methods.

There is a growing body of literature on this topic in the past few years due to
the desire to address not only the source of the DNA but how the DNA got there.

Several reviews highlight how little we know with certainty about how DNA
transfers from the donor, the range of variables that affect transfer and
persistence, the value of activity propositions, and a proposal for a more
systematic approach to data collection.

The overall takeaway from this literature is that sub-source
DNA results in isolation cannot automatically be assumed
to relate to the crime. What question(s) are we answering
with a DNA result?

16 February 2021

Levels in the Hierarchy of Propositions

Purpose  Questions Addressed Results Used  Factors Considered

Source

Occurrence of DNA sub-sub-source

Who could be the source profile genotypes in the
Investigation o FIN relevant population; if only a portion
Sub-source DNA profile variability of results (e.g.,  Of @ DNA mixture

Is the DNA from the presence or absence of is considered
Evaluation alleles) assuming the DNA
POIY?
RetsoniofinteresHEONZ came from the POI W43, Taylor et al. (2018)

Evaluation of forensic
genetics findings given

Investigation ‘Who could be the source (Sub-source factors) + activity level propositions:
9 of the biological fluid?  DNA profile; presumptive test false ion, Formo Sa i
biological fluid positive/ false negative Genet. 2018;36:34-49.
Is the biological fluid  presumptive tests rates (e.g., cross-
Evaluation ¢ the poiz reactivity, etc.)

DNA profile;
biological fiuid  (Source factors) + DNA DN N R A e
tests; transfer, p

o Did the POI perform | relative quantity of and recovery; DNA
Activity Ezizien the given activity? | DNA;where DNA present for unknown

was recovered; reasons (i.e.,
existence of background DNA)
multiple samples.

5

Table adapted from Reference N17 Gill et al. (2018) Forensic Sci. Int, Genet, 36: 189-202

« DNA Transfer:

DNA Transfer and Activity Level Reporting
(Category W — 57 articles; some Category M & N articles)

Activity Level:
Systematic research and sharing data (W45, W49) « Hierarchy of propositions (M3, M4, M5, N5,
Contamination possibilities (W5, W7, W47) N10, N21, W32, W33)
Recovery from touch samples (W2, W8, W10, W54) . ;Ogmali:m of gfl;z?s\lim:c ((N%G)(wzs)
«  Propositions r vs activity

;Zﬁi?i:rﬁ:wgmv;z ajé' azﬂ « ENFSI Evaluative Reporting (W22)

. ! N * ISFG DNA Commission (N17, N22)
Interlaboratory study on transfer (W35, W52) « Bayesian Networks (N4, W44, W53, W57)
Secondary transfer variables (W9, W13, W20, W29) « Review & sub-sub-source (W43)
Primary vs secondary (W34, W50, W56)
Implications (W14, W15, W16, W18) DNA Elimination Databases:
Environmental monitoring (W12, W19) + Necessity for CSl, police, and lab (W24)

Persistence (W17, W37) On clothing (W28)
Review (W1, W4, W11, W48)

On firearms (W55)
On hands (W39, W40, W42)

On knives or tools (W36, W37)
Through laundry (W21, W27, W46)
Within a laboratory (W25)

Relative contributions of donors (W30)
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#1 MVP on DNA Transfer

W1. van Oorschot, R.A.H., Szkuta, B., Meakin, G.E., Kookshoorn, B., Goray, M. (2019) DNA transfer in
forensic science: a review. Forensic Science International: Genetics 38: 140-166.

mp— Google Scholar
b ] e Intermnational: Genetics Cited 75 times
il (8 Jan 2021)

rensic selence: A review =

Bisaca Stkuts™, Gearyina E. Meakicr™, s Kohoan

« Why is this article valuable?
« Cites 298 articles in covering the issues and history of research

+ Recognizes that offering sound opinions on DNA transfer and activity level
questions requires dedicated training and competency testing

16 February 2021

WL. van Oorschot, R.A.H., Szkuta, B., Meakin, G.E., Kookshoorn, B., Goray, M. (2019) DNA transfer in
forensic science: a review. Forensic Science International: Genetics 38: 140-166.

A, Orectzpositon
+ (primary transfer)

Originating bioiogical
material

Various Modes of DNA
Transfer Diagrammed @ Transferred biological

Surfacefitem
B, Indirect dopocilon

* (secondary ransier] ‘Surfaca/item samplod
Originating and
intermediate surface.

Gontact

(. Incirect depostion ooy

* (mult-step uanster,  Primary.
shown here & primary !
through to qualemary)

Final contact

Quaternary € > Dirsction of transfer

D, Smuttancous droct
* andindirect (¢.9.via
hand)

1. Diagrammatic llus

#1 MVP on Activity Level

N22. Gill, P, et al. (2020) DNA Commission of the International Society for Forensic Genetics: Assessing the
value of forensic biological evidence - guidelines highlighting the importance of propositions. Part I: Evaluation of
biological traces considering activity level propositions. Forensic Science International: Genetics 44: 102186.

Google Scholar
Cited 13 times
Forensic Seience Iniernational: Genetics (20 Jan 2021)

Al

imission of the International society for forensic genetics: Assessing
i furensic biolagieal evidence - Guidelines highll
of progesitions. Part 11: Evaluation of biclegical
tivity bevel propositions

. Walihes Farvon

* Why is this article valuable?
« Discusses why, when and how to carry out an evaluation given
activity level propositions using examples
« Distinguishes between results, propositions and explanations
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Catalog of Research on DNA Transfer Studies

W49, Gosch, A. and Courts, C. (2019) On DNA transfer: the lack and difficulty of systematic research and
how to do it better. Forensic Science International: Genetics 40: 24-36

This German group

[N S—— developed an open
resource and Microsoft

Forensic Science International: Genetics
Access database of

fournat homapage: waw siavis at published research on
Review DNA transfer (called
y “DNA-TrAC")
On DNA transfer: The lack and difficulty of systematic research and how to )
do it better = — see Appendix A of
Annica Gosch, Comelius Courts their article
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WS5. Gosch, A., Euteneuer, J., Preuss-Wossner, J., Courts, C. (2020) DNA transfer to firearms in alternative
realistic handling scenarios. Forensic Science International: Genetics 48: 102355.

Atrticle in the September 2020 issue

Forensic Science International: Genetics

Journal homepage: v +isese

DNA mixtures from
Research paper skin contact traces of DNA

DNA transfer to firearms in alternative realistic handling scenarios | Fécovered from three surfaces
of two types of firearms handled

Annica Gosch, Jan Euteneuer, Johanna Preusl Wéssner, Comnelius Courts ¢ e
in four realistic, casework-

relevant handling scenarios

17

WS55. Gosch, A., Euteneuer, J., Preuss-Wossner, J., Courts, C. (2020) DNA transfer to firearms in alternative
realistic handling scenarios. Forensic Science International: Genetics 48: 102355.
First Research Study of DNA Transfer on Firearms
with Casegork—Relevam Alternative Handling Scenarios Only Owner
@ st
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DNA deposit Short Time
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Hy Extraction
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Recent ISFG DNA Commission Articles

N17. Forensic Sci. Int. Genet. (2018) 36: 189-202 N17) 2018

DNA commission of the International society for forensic genetics: Assessing

Bas Kokshoorn', Niels Morling’, Roland A.H. van Oorschot ", Walther Parson’
Mechthild Prinz’, Peter M. Schneider", Titia Sijen, Duncan Taylor

« Difference between investigative
and evaluative reporting is explained

the value of forensic biological evidence - Guidelines highlighting the + Common pitfalls of formulating
importance of propositions propositions are discussed

Part I: evaluation of DNA profiling comparisons given (sub-) source « Challenges of low-level mixtures
propositions are discussed

Peter Gill*", Tacha Hicks""*~*, John M. Butler", Ed Connolly’, Leonor Gusmso™, (N22) 2020

*Why, when and how to carry out

evaluation given activity level
propositions are addressed with
N22. Forensic Sci. Int. Genet. (2020) 44: 102186 examples

impo
cons|
Peter
Bas Ki
Mech

DNA commission of the International society for forensic genetics: Assessing
the value of forensic biological evidence - Guidelines highlighting the

+ Di between results,
propositions and explanations

ortance of propositions. Part II: Evaluation of biological traces
idering activity level propositions
Gill****, Tacha Hicks™"', John M. Butler’, Ed Connolly’, Le

okshoorn, Niels Morling’, Roland AH. van Oorschot'*, Walthe
thild Prinz”, Peter M. Schneider”, Titia Sijen, Duncan Taylor’

20

Summary and Key Takeaways

« Carefully consider and communicate to data users what question
is being answered with your DNA results
« It is vital that results from one level of proposition are not used to move to
another level without necessary information (e.g., DNA transfer rates)
+ Matching DNA (sub-source level) is not automatically relevant to the crime (activity level)
+ Matching DNA (sub-source level) is not proof of guilt (offense level)

NS Activity LR
50&"?‘ Who? ZHow did it get there?
o Offense LR

Who? £ who did it?

21



Most Valuable Publications of Forensic DNA
(J.M. Butler, R.W. Cotton, M.K. Prinz, C.J. Word)

American Academy of Forensic Sciences 2021 AAFS
VIRTUAL WORKSHOP W19 (MVPs of Forensic DNA) @

February 16, 2021

MVPs on
Lineage Markers

16 February 2021

Robin W. Cotton, PhD
Boston University Biomedical Forensic Sciences

Presentation Outline

« Principles on use of Lineage Markers

* MVP’s on Mitochondrial DNA Testing
« #1 article and why

* MVP’s on Y Chromosome & X Chromosome Testing
« #1 article and why

« Special thanks to Hannah Reasheck and Erin Ruigrok for all their
work finding the number of cites for each paper and other library
research work needed for my presentation.

Steps in Forensic DNA Testing

Collection/Storage/ \, Extraction/ “Amplification’ Separation]
Characterization _/Quantitatior W[ign Data ) Stats JReport

Measurement Interpretation
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Critical Principles in Mitochondrial DNA, Y & X

Chromosome Testing

* Whatis a haplotype?
« Biology, structure & inheritance of mitochondrial DNA

« Biology, structure and inheritance of the Y chromosome
« Considerations when amplifying Y STR loci in the
presence of female DNA

« Criteria for appropriate application of these tools to

casework?
« Use of specialized databases built for these markers?
+ Understand how knowledge of genetics, mutation and

evolutionary biology contribute to, and effect, the
interpretation of data from these markers?

Category P: Mitochondrial DNA Testing
Number of
Journal Articte Source  Numbera
Wikon, MR, DIz, A, L. (1995 Valdation o iochondial DA sequencig for ot legaiied 427
Ioreeic casoworkanayss
Rev.of Gerories,
. A, MY, et (2003 Forensic and miochondral DNV Aplcations, detates, -1 Genor a0
and foundations. enetes
Gusno, L il Socieyfor Forersic S| Geretics 1
edond o2
s Review s
Meton, T (2004) iochondeal ONA heteropasy
Fuber, N, Parson, W el (2016) Nextgeneration database searchalgrit o arersic st Gentics 3
icgename anases
A, SukcAnteagg, K, etal « st Geretis 1
ogenoms Thma MSea sedencin Method o gty sas.
Holand, WM, Makova, KD. el (2018 Deep coverage NS anaysi fheteropasmic Genes (Bsse) 10
o tor Teives
Pera, V. Longotard, A, et 2015) Sequercing of miochondrial geromes using the Elcuoporesis 1
Piecson D A Whok Genone Panel
peers M
Aorim, A, Fomandes, T, . 2019) itochondial NA inhuan denfcatos a v,
Branchagen, WD, Just, .5, e (2020) Valdaton ofNGS for miochondial DNA caseworkal  FSi Geneics 1
the i Laoraon;
an dor Gaag, K., Hoogerboor, 3, e . (2017) Valdaton nd iieminaion of MPS TEONA
e i Genetes :
FoSToos nss conecionteatt.

Mitochondrial DNA Testing; Section P

+ Recommendations « New data, polymorphisms
« P1(2014) « P7(2018)
« Validation * NGS
« P2 (1995) « P5(2017)
« P6(2018)
* Review « P8 (2018) Search Algorithm
« P3(2003) « P9 (2018)
« P4 (2004) « P11 (2020) Validation

« P10 (2019)
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#1 MVP on Lineage Markers, Mitochondrial DNA

<) Forensic Science International: Genetics

2014 Publication
DNA Commission of the Internatianal Society for Forensic Genetics: () Citations 176

Revised and extended guidelines for mitochondrial DNA typing Jan 16, 2021
‘ SallERD et
@ rwin', W Mayr . N.Morting "L Pokorak

« Why is this article valuable?

« This paper provides current guidelines for the analysis of
mitochondrial DNA

16 February 2021

Runner-Up in the Category of Mitochondrial DNA
Mitochondrial DNA in human
P J identification: a review
Antonio Amorim', Teresa Fernandes'* and Nuno Taveira

« Why is this article valuable?

« This paper is an excellent, and 2019 Publication
recent, review of the use of Citations 14
mitochondrial DNA testing. Jan 16, 2021

8
Y & X Chromosome Testing; Section Q
* Recommendations . Review Kits
* Q1 (2020 . Q6 (2006)
Q1 (2020) Q3 (2003) Q8 (2013)
* Q2 (2001) + Q10 (2015) Q11 (2015)
* Q5 (2006) - Q14 (2017) Q12 (2016)
* Q13 (2017-X) + Q17 (2020-X)
* Q16 (2018-stats)
« Y Chromosome
* Mutations Biology
+ Q7 (2010) * Q4 (2003)
Q9 (2014) Q15 (2017)
9
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#1 MVP on Y-Chromosome & X-Chromosome Testing

Forensic Science International: Genetics 2020 48: 102308

2020 Publication
Cited 4 times

l Forensic Science International: Genetics

5
feilhe

Jan 16, 2021

DNA comnission of the Internatsonal Socicey of Forensic Genetles (ISFG): Recomendations on [

the lnterpe of Y-STR i focensic analysis

« Why is this article valuable?

« This paper provides guidance for the interpretation of Y-
STRresults

10
Thoughts
« Reviews are important for laboratories that do not do Mito and
Y testing to ensure that application of Mito and Y are
appropriately considered.
« Statistics for these markers are very specialized and need to
be clearly understood.
« Neither of these important tools are significantly helpful for
most complex mixtures.
11

Thank you for your attention!

John M. Butler

‘iohn.butler@nist.qov \

Robin W. Cotton

& rweotton@bu.edu |

Please put questions  Mechthild “Mecki” Prinz
in the chat box while

watching our pre-recorded ‘ mprinz@jjay.cuny.edu ‘
presentations and we will
answer them over the chat

or through a live Zoom Charlotte J. Word
session at the end - you ‘Ciword@comcast.net ‘

can also email any of us...

12
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Most Valuable Publications of Forensic DNA 16 February 2021
(J.M. Butler, R.W. Cotton, M.K. Prinz, C.J. Word)

American Academy of Forensic Sciences 2021 AAFS
VIRTUAL WORKSHOP W19 (MVPs of Forensic DNA) @

February 16, 2021

MVPs on Phenotyping

and New Technologies

Mechthild K. “Mecki” Prinz, PhD
John Jay College of Criminal Justice

Presentation Outline

« Forensic genetics beyond human identification

« MVPs on DNA Phenotyping (Ancestry, Appearance, Age)
Number and types of publications in this category

« Discussion #1 article - 2015 review by Manfred Kayser
« MVPs on New Technologies (Rapid DNA, Massive Parallel Seq.)

Number and types of publications in this category
« Discussion #1 article - 2015 contribution by John Butler

« Summary

Forensic Genetics beyond Human Identification

» Appearance, age, and ancestry information can provide
investigative leads.

« Research well established on pigmentation traits.
* MPS technology enables simultaneous detection of markers for

human identification, kinship, appearance and ancestry.
« Forensic testing of coding genes requires additional legal and

ethical framework.
+ Rapid DNA applied to reference samples is a biometric tool

beyond criminal casework.
« Rapid DNA may assist in smarter crime scene processing.
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Google Scholar
Number of
citations

(11 Jan 2021)
26 1
28
31 2
145 a
9
%
34

DNA Phenotyping (Ancestry, Appearance, Age)
(Category U — 24 articles) — Part 1

Kayser, M. ic DNA i i appearance from crime scene Location Published

material Genetics 18: 3348,

Kayser, M. and Schneider, P.M. (3005] DHA-based prediction of human externall vsibie characteristics n FSI Genetics (14)

forensics; mativations, scieific challenges, and ethical considerations, Fovesic Science International: Genetics New Genet & Soc (2)

303)- 154-161. Deut. Arzteblatt (1)
eLife (1)

Walsh, 5, U, F., Wollstein, &, Kovatsi, L. Rs, & Kosinisk-Kamysz, &, Branicki, ., Kayser, M. {2013) The
HirsPlex systern for simutaneus pecliction of hair and e colas from ONA. Fovensic Scence nfemalional
Genetics 1) 98115,

Forensic Sci. Rev. (1)
Front. Genet. (1)

enes (1)
Phills, €. (2015] Forensi genetic anaiysis of bio-geographical ancestry. Forensic Science intematianal: Genets  Genome Biology (1)
18: 4965, Gerontology (1)
Freire-Aradas, &, Philips, €., Lareu, M.V, {2017) Forensic individual age estimation with DNA: From initial J. Invest. Dermat. (1)
Sppraaches 10 methylation tests. Fovensi Seience Review 29(2]: 171141,

B

Chaitanya, L., Breslin, K., Zufigs, $, Wirken, L. Poipicch, £, K
W, Kayser, W, Wash, 5. [3018] The HirisPiex s system for ey, ha
Intreduction and forensic develapmental validation. Farensic Scken

\ ., Branid,
prediction from DRA:
niernationai: Genetics 35: 123-135.

Vidaki, A, an Kayser, M. (2017] From forensic epigenetics taforensic epigenoniics: broadening ONA imestigative
inteligense. Genome Giology 18(1): 239,

16 February 2021

15 B Vidaki, A and Kayser, M. (2018) Recent progress, methads and perspectives in forensic epigenetics. Farensic
Scionce Intermatinat Gentcs 37 190105
Google Scholar H
wesee DNA Phenotyping (Ancestry, Appearance, Age)
citations .
auenz02y | (Category U — 24 articles) — Part 2
34 9 Parson, W.(2018) Age estimation with DNA: from forensic DHA ingerpeinting to forensic (epi]genamics: a mini 5
review. Gerontalogy 64(4] 326-332. Location Pul hed
45 10 Mae, I ool ., Hooderman, .0, Verchure, Pl (203 Forens KA methyaton ot o FS1 Genetios (14)
i taces: e boue o w02 Fevem Scence el Genetes 33: 7.2 Now Ganet & St (2
12| 10 S, N, chesin, O el .5, Wak .1, Roertson,  (Q01] e OUA ety Deoloping Deut. Arzteblatt (1)
Genetics 34: 222-230, eLife (1)
12. Podpiech, E., Chen, V., Kubla Bartoszek, M., Breskin, K, ., Kayser, M. [EUROFDRGEN-NoE Consartiun Ry S R (1)
i ping beyont " peedicton of head sz Genet. (1)
ernatianol: Genetics 37: 241,251, es (1)
Genome E/o(ogy )
17 1w, . g anticpaorytechoo forensc DN phenotyping and th frensi oo
. new Society 72k 137152, el o
35 14, Samued, 6, and Prainsack, B. (2019} Forensic O phenotyping in Euroy wand” from those wha
o prfesiona b n he Techoogy: i o and oty 2 15141
9 15. Schnexder, P. M., Prainsa {2019 The wse of farersic DHA phenotyping in piedcting appearante
g ey, CVhes RS PR 15, 73.0%0.
7 15 Katara, M, and Nothnagel, . (2015 T coors: & lersture review onspatil dstbution of eye and ol
gmentation. Forensi Scence infermafonal:Geneis 33: 108 111
v 17. Wiong. 7, Dankowa, G, Howe, LI Lee, MK, _ Kayser, M_{2019) Novel genetic lodi affecting facial shape varlation
i s, eIFE B e49858
Google Scholar i
woesoir DNA Phenotyping (Ancestry, Appearance, Age)
citations .
arsnzooy  (Category U — 24 articles) — Part 3
B h P T e 1 e D, i L o, L Wk ]
PL nlnrlmdrn lkram, MA., Nijsten, T., Duffy, D.L Mruann S.E., Spector, T.0., Walsh, 5., Martin, N.G., Liv, Location Pul hed
¥, oy, o ai e gonen
. e w1 FSI Genetics (14)
8 19, Liu, F, The K i terlinden, &G, Hendriks, A E.1., Dr SL8, K M. {2019) Update the R EEiEits Se )
o F hor. K, eiden, 4., Hendks, &1 Drep, 5.5, Kayser, M| —
prediceabi e from DHA maskers in Eurcpeans. Fovensic Sience ternational: Genetics 42813 Deut. Arzteblatt (1)
eLife (1)
5 20, Kukda-Bartos s, M. . i, 1, Teisseyre, P, Zubarisks, M, Forensic Sci. Rev. (1)
Beonik 019) DNA-based predictive mades for the Front Genet. (1)
s o eches. Forensc Sence Itematona: Geratics 43 18225 es (1)
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DNA Phenotyping (Ancestry, Appearance, Age)

(Category U — 24 articles)

+ Phenotyping: « Epigenetics:
* Reviews (U1, 2, 15) * Review (U7, 8)
« Pigmentation (U3, 6, 16, 18)

- Ethics(U11 - 14)

+ Other traits (U12, 17, 19, 20) * Age:

* Review (U5, 9)

« Technical issues (U10, 21)

Other traits are freckles, facial
* MPS assay for age (U22)

features, hair shape, and
height.

. Biogeographical Ancestry:
+ Review (U4)

« MPS assays for appearance and
ancestry (U23, 24)

DNA Phenotyping (Ancestry, Appearance Age)

U1. Kayser, M. (2015) ic DNA g human from crime
scene material for investigative purposes. Forensic Science Intemal‘lonal Genetics 18: 33-48.

‘Cansents isis available = Tirect

Google Scholar

Forensic Science International: Genetics Cited 246 times

(11 Jan 2021)
fournal hamepage: www.elsevier.comilagatartsi
e
Forensic DNA Phenatyping: Predicting human appearance om crime () ouu A
scene material for investigative purposes™ ‘eee
Manfred Kayser* Nl
permen e g s M et e B B, T e 2]
P . B
Why is this article valuable? o

« Extensive review of pigmentation traits (eye, hair, skin)

« Current progress and future perspectives on other traits
« Ethical and legal concerns

DNA Phenotyplng (Ancestry, Appearance Age)

U1. Kayser, M. (2015) DNA g human from crime
scene material for investigative purposes. Forensic Science Intemallonal Genetics 18: 33-48.

Forensic DNA Phenotyping (FDP)‘ Externally Visible Characteristics (EVC)

Important Points
« All pigmentation traits show a strong effect of a few genes with a known

connection to the melanin pathway.
« Complex traits, like height or facial features, are characterized by small

additive effects of 100s of genes.
« Age needs to be co-determined to predict some traits, like face, baldness,

grey hair
« Bio-geographical ancestry| +# appearance

« Ethical and reporting concerns need to be addressed
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DNA Phenotyping (Ancestry, Appearance, Age)

MVP list contains combination of review articles and seminal papers on new
prediction capabilities.

u4. Phillips, C. (2015) Forensic genetic analysis of bio-geographical ancestry. Forensic
Science International: Genetics 18: 49-65.

Covers marker selection (SNPs, Indels and STRs) and statistical approaches.

Us. Freire-Aradas, A., Phillips, C., Lareu, M.V. (2017) Forensic individual age estimation with
DNA: From initial approaches to methylation tests. Forensic Science Review 29(2): 121-144.

Initial review of DNA i ion and age informative
me(hylanon sites in different biological tissues.

« The most recent contributions are from the European
VISAGE Consortium.

16 February 2021

10

Snoesre New Technologies (Rapid DNA, Massive Parallel Seq.)
sy (Category V — 35 articles) — Part 1

ISOJN 1 e 144 0003 The it offrers D smch. Phiorephce rametons o the Reye ooy ofLomden

Biofogieal Sclences 1M 2140252 Location Published
purposas. mmanwuwmalon-wm dicing 114: 208.2: FSI Genetics (15)
w [ B o Foronsic Su. . (5)

Int. J. Leg. Med. (5)

g o

[T ———" Science & Justice (3)
7 Electrophoresis (2)
Bt 28, col .. o, (3007} T g s o s O3k Phil. Trans. R.Soc. B (1)
. P Science Medicingand Pathology 3: 100-205. J. Forensio Sci. (1)
a0 For SciMed Path (1)
PlosOne (1)
Biosensors (1)
2
154
80 8 1“ U, . (Z0L6) Masshvly
7

5 ruins,
e Socansrs (ore) S5 51

R, Ganseniers, H. (Z016] MICroMLcic Seviees o farsnsic DA snahyss: &

11

S New Technologies (Rapid DNA, Massive Parallel Seq.)
T (Category V — 35 articles) — Part 2
® Location Published
16 FSI Genetics (15)
Forensic Sci. Int. (5)
Int. J. Leg. Med. (5)
L [ . (2012 tamet velaon oo st/ ANDE haed 4 Anlris Science & Justice (3)
P o g e e B e 1 50 et Eloctrophoresis (2)
Phil. Trans. R.Soc. B (1)
1 N U, Foransic Sc. (1)
= For Sci Med Path (1)
50 PlosOne (1)
Biosensors (1)
Bl = e s e, AR, Hal 1. (317 Geveiagieartal abaston o he
2 e oram i b G oWt o PGP S o0 B
. - . 1. s, 0 e, . S P, 201 T e 0t
o et bk e oo Ly
35 . alsmn, . Barie, .8 Wil 7. K, - Berg ..;u: e e e il 3. Parar. W S
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Google Scholz H H R
wmbersi. New Technologies (Rapid DNA, Massive Parallel Seq.)
usimoeey  (Category V — 35 articles) — Part 3
R S S———
Echaptores 331 2043 2054, Location Published
15 0. Hobbs, Dawnay, N. (2018) Field-based detection of biological samples for farensic
s, e 5o aizus 1ar160 FSI Genetics (15)
2 v T - (REEiE S it ()
mtermationat Gemeas 33 117128, o Int. J. Leg. Med. (5)
Science & Justice (3)
- s o e G process watn e | EISCHODHONESIS (2)
e humin DN Forenae sestnce Phil. Trans. R.Soc. B (1)
J. Forensic Sci. (1)
25, Shacklatan, natiha opir= 200 07 SCiMed Path (1)
4 " b e o St orene: st et 70 aa 55, | PIOSON® (1)
Biosensors (1)
5 24, Snackiaton, 0. Gray, N 1ves, L Matsom, 5., VanRinsbargh, 0. {2019) Deveiopmant of RapicHITS I sing NOM
e o e i evensc
o i,
o oo o e g ol s e iadiopdbiti
B e s 1t o A 17 i, . Wer, . Yare, 53, or, s Yo B, D 1. 0L et
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Google Scholar H H R
wmbersi. New Technologies (Rapid DNA, Massive Parallel Seq.)
wsumonen  (Category V — 35 articles) — Part 4
12 28 Oldoi.F.a Podi, 0. (G018) Forantc el iomarkars for ixurs sy, Foren e femationa
Banetics 43: 107-123. Location Published
17 annatt, L, Oldons, £, Long, K., Cisana, adalla, K, Weattorn, ang, 1, Hasagaws, jacs, B, K80, K
T i, . oo1o] o akcanvshsean oy ety arale e mtng ot i eraslatyy e sernstanat sl FSI Genetics (15)
of Legal Medicine 133: 719229, Forensic Sci. Int. (5)
20, Margan, &, Widge, 5. Wilson-Wikde, L Int. J. Leg. Med. (5)
e " P oriaan eferetcn DA Sampls, Poreamt S o Science & Justice (3)
Electrophoresis (2)
7 31 Mapes, A4 Stosl, RO, de Past, C.1., Vergeer, P, Huyck, M. {2019) Decrsion support for usang mobie Rapi DNA Phil. Trans. R.Soc. B (1)
st he e e, Sonee & i 55 945 . Forenats ovt. 1)
B3 = For Sci Med Path (1)
i DA eystorm whth PlosOne (1)
8. Forensic Science Biosensors (1)
el . (3020 e o e 018 apd Sk My Assesament oumer o Foremt Seeces 850
3 34, Ballars, 0., Winkses-Gal sy, ). (2020) MaEIvG parallal sequencing in foranics : SOvantages, isuss,
sbias s prspace. eameanc st of Lot e 34 1152150
o 35. sieka, @, Just, R, Le, J., & Gil, P. (2020). An examination of STR nomenciatures, fiters and models for MPS mixture
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New Technologies (Rapid DNA, Massive Parallel Seq.)
(Category V — 35 articles)

verview:
« Future of Forensic DNA Analysis (V1) « MPS for nuclear DNA:
B * Reviews (V18, 19, 27, 34)

* Rapid DNA: B « STR nomenclature (V7, 17)

* Workflow and decisions (V11, 30, 31) - Mixture Interpretation (V35)

* Microfluidic Overview (V9) « Validation and assay evaluations

+ Collaborative Study (V33) (v8, 15, 16, 21, 26)

+ DNAScan ANDE (V10, 12, 32)

* RapidHIT (V6, 13, 22-25) More on STR sequence variation in

section (O) on autosomal markers and

* Non-STR marker types: Kits.

+ SNP markers (V2-4, V14)
+ Screening (V5, V20)

« Allele specific PCR (V28)
+ Microhaplotypes (V29)

15
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rsth.

PHILOSOPHICAL
TRANSACTIONS B

John M. Butler

The future of forensic DNA anal

ysIS

Staart and T, Gatherdung, D, U5

Why is this article valuable?
« Offers a 30-year retrospective
« Discusses future directions for different areas

« Not just technical aspects, also operational considerations
« Caution on limitations of data

New Technologies (Rapid DNA, Massive Parallel Seq.)

V1. Butler, J.M. (2015) The future of forensic DNA analysis. Philosophical Transactions of the Royal
Society of London Series B, Biological Sciences 370: 20140252.

Google Scholar
Cited 130 times
(12 Jan 2021)

16

New Technologies (Rapid DNA, Massive Parallel Seq.)

V1. Butler, J.M. (2015) The future of forensic DNA analysis. Philosophical Transactions of the Royal
Society of London Series B, Biological Sciences 370: 20140252.
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HIGHER -

« Faster results — Rapid DNA
« Higher - Sensitivity

Information content

Distinguishes new developments based on Olympic motto
FASTER -

STRONGER

« Stronger conclusions — Probabilistic Genotyping

- More Leads

Includes caution on interpretation and emphasizes
stakeholder communication & work with crime scene.

New Technologies (Rapid DNA, Massive Parallel Seq.)

V1. Butler, J.M. (2015) The future of forensic DNA analysis. Philosophical Transactions of the Royal
Society of London Series B, Biological Sciences 370: 20140252.

18
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New Technologies (Rapid DNA, Massive Parallel Seq.)
What to read to catch up:

Rapid DNA
V33. Romsos, E.L., French, J.L., Smith, M., Figarelli, V., Harran, F., Vandegrift, G., Moreno, L.I.,

Callaghan, T.F., Brocato, J., Vaidyanathan, J., Pedroso, J.C., Amy, A., Stoiloff, S., Morillo, V.H.,
Czetyrko, K., Johnson, E.D., de Tagyos, J., Murray, A., Vallone, P.M. (2020) Results of the 2018 Rapid
DNA Maturity Assessment. Journal of Forensic Sciences 65(3): 953-959.

Collaborative exercise using both commercial integrated rapid DNA instruments.

Massive Parallel Sequencing

V34. Ballard, D., Winkler-Galicki, J., Wesoly, J. (2020) Massive parallel sequencing in forensics :
advantages, issues, technicalities, and prospects. International Journal of Legal Medicine 134: 1292-

1303.

Covers science, current i i and future p

pectives for

both — STR and mtDNA typing.

19

Summary

« Forensic DNA Phenotyping and New Technologies are two areas
where forensic scientists must read original research papers and
developmental validations.

« Field still developing and textbooks cannot keep up.

At the same time

» Rapid DNA instruments are slated for use outside of laboratory.

« Quality assurance and data safety are a concern.
* MPS platforms capable of FDP already placed in DNA labs.

« Guidance on implementation of this type of investigative
genetic testing is needed.
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John M. Butler
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rwcotton@bu.edu
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Presentation Outline

« Definitions and principles involved with method
validation, error rates, quality control, and human
factors

* Review of the 23 articles in Category Y
#1 MVP on DNA Error Rates
#1 MVP on Human Factors
#1 MVP on Quality Control
#1 MVP on Method Validation

Definitions and Principles

* Quality Control: a process by which entities review the quality of all factors involved in
production (Wikipedia)

» Human Factors: the study of how people use technology; the goal of human factors is to
reduce human error, increase productivity, and enhance safety and comfort with a specific focus
on the interaction between the human and the thing of interest (Wikipedia)

* Method Validation: the process used to confirm that the analytical procedure employed for a
specific test is suitable for its intended use. Results from method validation can be used to
judge the quality, reliability and consistency of analytical results; it is an integral part of any
good analytical practice. (L. Huber, 1998, Validation and Qualification in Analytical Laboratories)

+ Validation studies and experiments performed in a laboratory provide information to
make assessments regarding the degree of reliability for a specified method

« These studies are concluded and deemed sufiicient when those performing them
have convinced themselves that the results obtained are reliable for their application

« Adetermination of whether the amount and type of data available is satisfactory or
sufficient to the user of the information is something that must be decided by the
user of the information not the provider.
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Method Validation, Quality Control, and Human Factors

(Category Y — 23 articles)

* Method Validation: Error Rates:
+ Validation issues with low level DNA (Y3) . DNA error rates at NFI (Y1)
+ ENFS| validation guidelines (Y9) + Perspective on errors, etc. (Y2)
« STR validator program (Y10) + Whyneeded yet so elusive (Y22)
+ Standardizing validation process (Y13)

PROVEDIt data set (Y15) * Quality Control:
Collaborative validation approach (Y19) »l + ISFG DNA Commission — STRIdER (Y12)

- STR data 2-years of QC with STRIdER (Y20)

» Human Factors: + FBI Quality Assurance Standards (Y23)

+ Texas sharpshooter fallacy (Y4)

y - « DNA Contamination:
+ Subjectivity with mixtures (Y5) .
+ Role of investigative facts (Y6) + Study from Swiss police services and labs (Y17)

« Research about bias (Y7) + Contamination minimization procedures (Y18)
« Confirmation bias (Y8)

« Understanding the human element (Y11)

« Strengthening decision making (Y14)

Workplace stress and well-being (Y16)
Expert decision making (Y21)

Google Scholar . . .
wmeerot - Method Validation, Quality Control, and Human
citations .
(6 Jan 2021) Factors (Category Y — 23 articles)
69 1. Kloosterman, A, Sjerps, M., & Quak, A. [2014] Errorrates in forensic DNA analysis: Definition,
numbers, Forensic Genetics 12: 77-85.
753 MQ Location Pul
46 3. Buckleton, J. Issues around DNA DNA. 255-
260, FSI Genetics (8)
J. Forensic Sci. (3)
s interpretation. Law, Probability and Risk 8(3): 257-276. Sci. Justice (3)
al. m. (1)
264 5 Dror.|Eand Hampkian G. (201 i DNA mixture interpretation. Austratian J. Forensic Sci. (1)
73 6. Thompson, ENFSI (1)
Forensic. s.:ysn;uuu -3): 123-134. ZS’ SY‘Z?;WU)
i
8 7. Dror. | E. 2012). Cogeitive forensics and experimental 128 JARMAC(1)
Low o s (1)
sssin, ror. ke . robles, 4 " Phil. Trans. Royal Soc. B (1)
486 8, E:MDMSM Dror, |.E., Kukucka, J. (2013) The Probler d FBl websie (1)
— o T RI—

Google Scholar H H R
wmorot. Method Validation, Quality Control, and Human
citatior H
(6 dan 2 Factors (Category Y — 23 articles)
91 12 Bodner, M., Bastisch, |, Butler, J.M., Fimmers, R., Gill P., Gusméo, L., Morling, N., Philips, C.. Prinz, M., Schreider, P.M.
o yaessmeiabrs orve SNk oo o o Homanorl Sone o Foonl G (9 ) o
5 13. Pum KC Swam\v\aman H ‘Sheehan, J., Duffy, KR., Lun, D.S., Grgicak, C.M. (znm Production of high-fideity
Scmnmmmmauunal Gnnwv;s:ﬂ 160-170. Location Pul
28 14, Jeanguenat, AM., Budowie, B.. Dror, | E. [20!7)Slreng\hemr\q hrer\s\cDNA ‘decision making through a better understanding of 5
the influence of cognitive bias. Science & Justice 57(6): 415- FSI Genetics (8)
25 15. Affonse, LE., Garrett, AD., Lt DS Duffy, K.R.and Grgicak, C.M. (2018)A lar Jle dataset of single and mixed-s LETESEE)
mmxan Jon. Sci. Justice (3)
Anal. Chem. (1)
Australian J. Forensic Sci. (1)
28 16. Jeanguenat, AM. and Dror, | E. (2018) Human workplace ENFSI (1
o samos 634 08 87 Pl symerar (1
13 17, Basset, P. and Cast in [jGe08all
Switzerland. Fwensvcsmen:emremarmnal Genefics 33: 147-154. JARMAC (1)
Law Prob. Risk (1)
4 18, Basset, P. and Castelia, V. minimization pr aborstory. Phil. Trans. Royal Soc. B (1)
Forensic Science Inferational: Genetics 38: 232-235. FBI website (1)
I —— - wsioss
20 e, and Pron . 20201 h STRAER ot ntwoyarsf it ol s TR o dases
waren S
16 21. Dror, ILE. six fakacies and bias. Analytical
pdiAtte Sty
3 22. Dror, LE. (2020) The error in "error rate": why yetso elusive.
oS
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Saoms”  Method Validation, Quality Control, and Human

itatic :
(o dan 207 Factors (Category Y — 23 articles)
88
Y23. FBI (2020) Quality Assurance Standards for Forensic DNA Testing Laboratories. Available at
https://www.fbi. file-repository/quality- tandards-for-forensic-dna-testing: ies.pdf/view.
Location Published
The FBI QAS 2020 Standards
FSl Genetics (8)
- . J. Forensic Sci. (3)
1. Scope and Applicability 10. Equipment Sci. Justics (3)
2. Definitions 11. Reports ) )
3. Quality Assurance Program 12. Review ELEO @
4. Organization and Management 13. Proficiency Testing f:;ffAétw)
Law Prob. Risk (1)
5. Personnel 14. Corrective Action Phil. Trans. Royal Soc. B (1)
FBl website (1)
6. Training 15. Audits
7. Facilities and Evidence Control 16. Professional Development
8. Validation 17. Outsourcing Ownership
9. Analytical Procedures
#1 MVP on DNA Error Rates
Y1. Kioosterman, A., Sjerps, M., & Quak, A. (2014) Error rates lysis: Definition, number
Forensic Science International: Genetics 12: 77-85
Contencs Vs avadable o Smrcalin Google Scholar
ensic Science Intes : Genel Cited 69 times
Forensic Science Interational: Genetics (6 Jan 2021)

Error rates in forensic DNA analysis: Wemss
Definition, numbers, impact and communication
Ate Kloasierman ™", M, Astrid Qualc

« Why is this article valuable?
« Compares error rates in their laboratory to medical laboratory errors and
discusses sources of error and how to communicate potential impact

Compared Reported DNA Error Rates in Their Forensic
Laboratory with Medical Laboratory Literature Data

Y1. Kioosterman, A., Sjerps, M., & Quak, A. (2014) Error rates in lysis: Definition, numbers,
Forensic Science International: Genetics 12: 77-85

g ‘3 Plebani & Carraro 1997 3mo) 40,490 189 214  047%
; % Carraro & Plebani 2007 (3mo) 51,746 160 323 0.31%
g 2 Stahletal. o 1998 @3yr) 676,564 4,135 164 0.61%
2 - Hofgartner & Tait 1999 (1yr) 88,394 293 302 0.33%
# notficatons
® § NFI DNA casework 2008 66,391 328 202 0.49%
E § NFI DNA casework 2009 82,896 329 252 0.40%
§ g NFI DNA casework 2010 89,977 435 207 0.48%
§ ; NFI DNA casework 201 100,407 526 191  0.52%
X & NFIDNA casework 2012 132,456 572 232 0.43%
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Not All Quality Issue Notifications (aka “Errors”) Are Equal

Y1. Kloosterman, A., Sjerps, M., & Quak, A. (2014) Error rates in i lysis: Definiti b
Forensic Science International: Genetics 12: 77-85

Table 3
Types of quality issue notifications (QINs) at the NFI in the years 2008-2012. In

2011 it was decided to no longer incorporate the type ¢ QIN: opportunities for
improvement (n=2 in 2011 and n =10 in 2012)in the yearly totals of this overview.

2008 2009 2010 2011 2012

a. External origin 23 10 23 54 100
b. External contamination 3 0 5 24 22
<. Room for improvement 11 6 3 (2) (10)
d. Positive response 19 9 11 6 17
e. Clerical (no adverse outcome) 29 25 92 77 82
f. Not related to case work 13 9 20 10 5

2 Other (NFI related) 230 270 281 355 346
Total 328 329 435 526 572

16 February 2021
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#1 MVP in Human Factors

'Y21. Dror, |.E. (2020) Cognitive and human factors in expert decision making: six fallacies and the eight sources
of bias. Analytical Chemistry 92(12): 7998-8004

istry = Cited 16 times

(6 Jan 2021)

Cognitive and Human Factors in Expert Decision Making:
Six Fallacies and the Eight Sources of Bias

e i st v 201, 2, 70030 | o [

“DNA analysis depends
and hinges on the humans
conducting it, and how
their biases may impact
the DNA results”

« Why is this article valuable?
« Provides a clear description of sources of bias that can influence decisions
« Describes some approaches to combat and minimize bias

« Concludes: “Biases, often without our awareness or consciousness, impact
how we sample and perceive data...”

12

Y21. Dror, |.E. (2020) Cognitive and human factors in expert decision making: six fallacies and the eight sources
of bias. Analytical Chemistry 92(12): 7998-8004

Table 1. Six Fallacies about Cognitive Bias Commonly Held
by Experts
Fallacy Incorrect belief

1 Ethical lssues It only happens to corrupt and unserupubous individuals, an
issie of morals and personal integrity, 3 question of
personal character.

2BadApples  Itisa question of competency and happens to experts who
do ot know how to do thei job properly

3. Expent Experts are impartial and are not affected because biss does
Immunity o impact competent experts doing their ol with

integtly.
4. Technological  Usi
Protection intelligence guarantees protection frem hum.

5.Blind Spot  Other experts are affected by biss, but not me. | am not
biased; it is the other experts wha are bissed.

6. Mhusion of  Lam aware that bias impacts me, and thercfore, | can control
and counter its affect. | can overcome bias by mere
illpower

technology, instrumentation, automation, or artificial

Figure 1. Eight sources of bias that may cogniively cortaminate samping,
observations, testing strategies, analysis, and conclusions, even by experts

y are organized ina in top
with sources relating 1o the specifi case and analysis (Category A). moving
down to

B). and at the very bottom sources that refate to human nature (Category C).

13
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#1 MVP in Quality Control

Y20. Bodner, M. and Parson, W. (2020) The STRidER report on two years of quality control of autosomal STR population
datasets. Genes (Basel) 11(8): 901
Cited 0 times

. genes
- too new

The STRidER Report on Two Years of Quality Control (6 Jan 2021)
of Autosomal STR Population Datasets

Google Scholar

Martin Bodner *0 and Walther Parson 2

K 3 July vpavl: 4 Ausgs shesd: 7 August 2020 ey

* Why is this article valuable?
« Examines quality of STR datasets containing 177,595 individual genotypes
submitted in the first two years of STRIdER quality control (2017-2019) to
explore types of errors observed

16 February 2021
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STRIidER serves the STR community in forensics

Wh at is STRi d E R? and beyond in inter-related ways:

The high-quality autosomal STR allele frequency
database can be directly queried

+ Allele frequency tables of STR loci from diverse
s I R E R can be downloaded and used for third party software
Centralized STR data quality control is offered prior to
publication

STRe for identity ENFS| Ref

Qrl

. . . ivi STR are not ible on
https://strider.online/ STRIdER to comply with privacy regulations

+ Accepted datasets will become rapidly available online and
receive a unique and traceable STRIdER accession number

« Allele frequencies are calculated from datasets

'Y12. Bodner, M., Bastisch, |., Butler, J.M., Fimmers, R., Gill, P., Gusméo, L., Morling, N.,
Phillips, C., Prinz, M., Schneider, P.M., Parson, W. (2016) Recommendations of the DNA
Commission of the International Society for Forensic Genetics (ISFG) on quality control of
autosomal Short Tandem Repeat allele frequency databasing (STRIER). Forensic
Science International: Genetics 24:97-102.

15

Y20. Bodner, M. and Parson, W. (2020) The STRIdER report on two years of quality control of autosomal STR population
datasets. Genes (Basel) 11(8): 901

Table 2. Statistics of errors found in the 165 autosomal STR datasets generated by capillary
electrophoresis (CE) and submitted to STRIAER in its first two years.

" )

Datasets Revealing Errors 158 958

{1} 63

(i) 58

(i) 29 Errors were observed
b ‘[“']’ v in 96% of the datasets

v 3 . . >
|- I 4 submitted in the first
B (i) cuploidy 9 two years!
B i) Noraw datajshufled data
w (ix) Identical identifiers. 7

(x) Information mismatch 5

(i) Locus swapping 3

(i) Loss of intermediate alleles 2

Datasets Revealing No Errors 7 42

Note: Sum of datasets allocated to categories is
ories. Results as per six months after the ini

than 100% because of datasets that harbored multiple error
1 two-year period

17
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#1 MVP in Method Validation

Y19. Wickenheiser, R. and Farrell, L. (2020) Collaborative versus traditional method validation approach:
Discussion and business case. Forensic Science International: Synergy 2: 230-237.

Forensic Science International: Synergy .

Collaborative versus traditional method validation approach: )
Discussion and business case =

Ray Wickenh

[Open Access]
https://doi.org/10.1016/j.fsisyn.2020.08.003

« Why is this article valuable?
+ Encourages the community to work towards a collaborative validation
approach where we can share data and learn from each other (“utilization of
published validation data increases efficiency through shared experiences...”)
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P SCI=NCE Module 13

Development of Expert Knowledge

DNA analysts benefit from at least three different levels of expert knowledge:

1. Education in basic science covering biochemistry, biology,
chemistry, genetics, molecular biology, population genetics, and
statistics

2. Training in forensic science and specific methods and
protocols used in their laboratory to develop competency needed
to perform casework

3. Continued education and professional development
to keep up-to-date as the field evolves and new
methods become available

#3 involves knowing the ever-growing scientific literature

Thoughts and Observations on the Literature

1. New articles and advances are regularly being published
+ Keep an open mind and remember that science is open-ended

2. Limitations of some publications
+ Claims made do not always correspond to available data
+ How can we encourage more data sharing?
3. The community seems to make more use of articles on
methodology as compared to interpretation
« For example, Goggle Scholar found fewer citations to PGS articles than to
PCR articles (in part because PGS efforts are more recent)
4. Training is challenging as there is simply too much to know in a
constantly evolving field
+ Suggestion that an analyst learns to think through what is happening to DNA
molecules at each step of the process
5. Not only did we not cover every article in our MVP reference list,
but we also didn’t even touch on some entire categories!
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Reference List Provided with Slide Handouts

497 References Across 26 Topics (A-to-Z)
(480) Articles + (17) Informative Textbooks

A(4) Plain Language Guides to Forensic DNAANalysis N (22) Court Testimony, Communication of Resus, Juror Comprehension Studies

Module 5

B (24) Serology and Body Fiuid Idenfication [0 (29) Autosomai STR arkers and kits

'C (25) Gollction and Storage of Biokogical Material P (1) Miochondrial DNA Testing

Module 10

Module 4 |

D (18) DNAExtractonPusifcation, Diferential Exraction Q (17) Y-Chromosame and X-Chvomosome Testing

E (10) DNAQuaniiation, Degraded DNA R (14) DNADatabases and Investigative Genelic Genealogy

S (11) Statstical Analysis ~ Module 6

F (13) PCR Amplfication, nhibion, and Arfacts Module 5

G (12) Capillary Electrophoresis Separation and Detection T (1) Popuiation Genelics
U (24) DNAPhenotyping (Ancestry, Appearance. Age)  Module 11

V (35) New Technologies (Rapid DNA. Massively Paralel Sequencing)

H{(7) Assessing Sample Suitabilty and Complexiy, Low-Tempiate DNA
1(12)_Esimating the Number of Conirbutors.

J(12) Data Iterpretation, Mixure Deconvoluton, Interiaboratory Studies:

K (1) Interpretation: Binary Approaches (CPL,RMP,LR)  Module 7

W (57) DNA Transier and Actviy Lovel Reporting

X (15) Non-Human DNATesing __Module 9

L (44) nterpretation: Probabilsic Genotyping Software (Discrete, Continuous)

LY (23) Method vaidation, Qualty Control, Human Factors

W (8) Report Wiitng and Technical Review Module 8

'Z (1) General Forensic Science Topics Modlule 12

Module 2 Value of a Knowledge Base Module 3 Training Standards ~ Module 13 Wrap-Up

Many Categories are in Our Literature List
But Not Covered in This Workshop

A1. Sense about

) Making Sense o

s A40-page piain available at
lain Language Guides

erology & Body Fluid ID

B1. Gaensslen, R E. (1983 Fe i

Immunology, and us.

Justice, National Institute of Justice: Washington, D.C.
HA. Gill, P, Whitaker, J., Flaxman, C., Brown, N., Buckleton, J. (2000) An
rules for TR derived from less than 100 pg of DNA. Forensic Science Interational 11211) 40

M. Buckleton, J.8., Curran, J.M. and Gill P. (2007) Towards understanding the effect of uncertainty in the number of

lumber of contributors.

eport Writing
Court Testimony

NA Databases
ton-Human DNA
ARt e

DNA stains. F¢ netics 1(1): 20-28.
J1. Gill, P, Sparkes, R. and Kimpton, C. (1997) Development of guidelines to designate alleles using an STR
F 185-197.

M1, 009)
expert opinion. Science & Justice 49: 161-164
N1. Eldridge, H. (2019) Juror

Forensic Science Iternational: Synergy 1 24 34

The #1 article in each
of these categories is
listed here

the evaluative f

testimony:a and gap analysis.

R1. Struyf, P, De Moor, S., Vandeviver, C., Renard, B.,van der Beken, T. (2019) The effectiveness of DNA databases
in relation to their purpose and content 71-381

X1. Linacre, A., Gusméo, L., Hecht, W., Hellmann, A P., Mayr, W.R., Parson, W., Prinz, M., Schneider, PM., Morling,

. {2011)1SFG: recorrmenations egending e use o orhumen (rimel) DNA inforensic genell
(5): 501-5¢

ZA. National Academy of Sciences, Committee on the Conduct of Science (1989) On being a scientist. Proceedings
of the National Academy of Sciences of the United States of America 86(23): 9053-9074.

5

Making Sense of Forensic Genetics (2017)

concepts clearly explained in 40 pages  « Developed by European Forensic

Genetics Network of Excellence

(EuroForGen-NoE) and published  rangjated into

with Sense about Science Spanish,
Portuguese, and

Polish (so far)

Free PDF file available for download

MAKING SENSE OF

FORENSIC
GENETICS

https://senseaboutscience.org/wp-
content/uploads/2017/01/making-sense-
of-forensic-genetics.pdf

« Final point made: “As DNA profiling
continues to grow more sensitive, and it is

used in more investigations, the need for
ication between

scientists and nonscientists only
grows - both to ensure that their

What can 0N 1l
1o sbaxd # rere?

o expectations of the technology are
realistic, and its limits are properly

understood...”
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’:F;‘;'t‘; (17) Informative Textbooks on Forensic DNA

Butler book Butler book Butler book

FOREN
™

Elsevier
2015

CRC Press Wiley Elsevier i ICRC Press  Elsevier

1998 2001 2008 2013 2014
Forensic DNA =
S e o
E 7z |
[
WPy
Wiley ~CRCPress  Wiley Wiley  World Scientific CRC Press ~ Elsevier

2015 2016 2016 2016 2016 2020 2020
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(17) Informative Textbooks on Forensic DNA

1. National Research Council (1996) The Evaluation of Forensic DNA Evidence. National Academy Press: Washington, D.C.

2. Evett, LW.and Weir, B.S. (1998) Interpreting DNA Evidence: Statistical Genetics for Forensic Scientists. Sinauer Associates:
Sunderland MA

3. Inman, K. and Rudin, N. (2001) Principles and Practice of Criminalistics: The Profession of Forensic Science. CRC Press
Boca Raton.

4. Fung, W.K. and Hu, Y.-Q. (2008) Statistical DNA Forensics: Theory, Methods and Computation. Wiley: Chichester, UK.

5. Butler, J.M. (2010) Fundamentals of Forensic DNA Typing. Elsevier Academic Press: San Diego.

oodwin, W., Linacre, A., Hadi, S. (2011) An Introduction to Forensic Genetics Second Edition. Wiley: Chichester, UK.

7. Butler, J.M. (2012) Advanced Topics in Forensic DNA Typing: Methodology. Elsevier Academic Press: San Diego.

8. Shewale, J.G. and Liu, R H. (Editors) (2013) Forensic DNA Analysis: Current Practices and Emerging Technologies. CRC
Press: Boca Raton.

9. Gill, P. (2014) Misleading DNA Evidence: Reasons for Miscarriages of Justice. Elsevier Academic Press: San Diego.

10. Butler, J.M. (2015) Advanced Topics in Forensic DNA Typing: Interpretation. Elsevier Academic Press: San Diego.

11. Balding, D. J. and Steele, C. D. (2015). Weight-of-evidence for Forensic DNA Profiles Second Edition. Wiley: Chichester, UK.

12. Buckleton, J.S., Bright, J.-A., Taylor, D. (Editors) (2016) Forensic DNA Evidence Interpretation Second Edition. CRC Press:
Boca Raton.

13. Robertson, B., Vignaux, G.A., Berger, C.E.H. (2016) Interpreting Evidence: Evaluating Forensic Science in the Courtroom
Second Edition. Wiley: Chichester, UK.

14. Jamieson, A. and Bader, S. (Editors) (2016) A Guide to Forensic DNA Profiling. Wiley: Chichester, UK.

15. Amorim, A. and Budowle, B. (Editors) (2017) Handbook of Forensic Genetics: Biodiversity and
Heredity in Civil and Criminal Investigation. World Scientific Publishing: London.

16. Bright, J.-A. and Coble, M. (2020) Forensic DNA Profiing: A Practical Guide to Assigning Likelihood
Ratios. CRC Press: Boca Raton.

17. Gill, P., Bleka, @., Hansson, O., Benschop, C., Haned, H. (2020) Forensic Practitioner’s Guide to the
Interpretation of Complex DNA Profiles. Elsevier Academic Press: San Diego.

Recent Books to Assist with DNA Mixture Interpretation

. Table of Contents
gt oc Table of Contents Elsevier Academic Press el Contents
anuarn 1. Fe Genetics B:
- ( Y ) N DNA Profiling Interpretation (June 2020) 2 NP e Pasies
3. Allele Drop-out
2 S\:é:'s‘;csandpmwsl\mn b e o
. LRmix Model Theory
[ 5. LRmix Model Th
3. LR Single-Source 6. LRmix Studio
Examples and Population 7. Continuous Model Theory
A Genetics 8. EuroForMix
™ 9. Validation
4. Binary LR for Mixtures 10.DNAXs

11. SmartRank & CaseSolver

12. Interpretation & Reporting

13. Complex DNA Profiling by
Massively Parallel
Sequencing

LRs Considering Relatives
as Alternative Contributors

Forensic Prababitc Gorotping:
DNA P"]ﬁ]ing Continuous Models

°

Probabilstic Genotyping:
Semicontinuous Models

Appendix A: Genotype Probabiies
‘Appendx B: Probabilistic Models

APractical Guide 8. Considerations on
10 Assigning Likedibood Ratios Validation of PGS
Appendix 1: Ale Frequencies
Hardback: 258 pages  Appendx o 530 pages
109 references cited 362 references cited




Most Valuable Publications of Forensic DNA
(J.M. Butler, R.W. Cotton, M.K. Prinz, C.J. Word)

New SWGDAM Training Guidelines (July 2020)
Recommended References (129 + 6 websites)

The following resources may be helpful to the trainer in defining the
breadth and scope of the materials for the trainee’s reading. This list is
not meant to be all inclusive. The laboratory should develop a list
tailored to its specific needs.

1. General Forensic DNA and Autosomal STRs (42)

2. Mixture Interpretation/Population Genetics/
Probabilistic Genotyping/Statistics (40)

3. Mitochondrial DNA (37)

St kg G

“This list is not meant to be « General Mitochondrial DNA Information (6)
all inclusive. The laboratory * Heteroplasmy (15)
should develop a list tailored ~ * Materal Inheritance (1)
to its specific needs.” *+ Population Studies (1)
4. Y STRs (10)
July 2020 5. Informational Websites (6)
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\ Different Reference Lists

Reference Lists Compared (% & P - @97) this AAFS 2021 Most Valuabi
P ‘f:&@o%“‘i;ﬁ?gﬂi o obcaions Worehop 0

(448) OSAC 10-26-20 version

Dat lopestaon, Mhure Docomeltion,Irboriry Sisies
Intorpeotaton: Bary Approsches (CPI, RMP, LR)

Interpeetation: robabilslc Genotyping Software (Dicrets, Coninuols)
Roport Wrilng and Technical Reviow

ot Tsimny, Cormuriaton of st s Camprtersion
Ausosomal STR Markers and K

Y-Crromosome and X.Chvomosome Tesing
DNA Databases and Inestigatve Genetic Genelogy
Statisical Aralysis

Popuation Genetis

DNA Prenoiyping (Ancestry, Appearance, Age)

New Tecmologes (Rapid DNA, Massively Paralel Sequencing)

Informative Textbooks on ForensicDNA 17 16
+ (135) SWGDAM Training Guidelines

Plin Larguage Guides to Fororsic: DNA Anaysis 4 3

Serology and Body Fiud Identiicaion 24 15+2

Cotecton and Storage of Bologcal Material % 1 .

DNA EsractonPuriiation, Diferenal Exracton [T + OSAC list shares a common origin

DNA Quaritation, Degrack 10 9+ 1 with our MVP list

PCR Amplifcaton, Inhibdon, and Arfacts 1B 10 3 . dif "

Capllary Elecroptoresis Separation and Detection 2 1 6 some differences exis!

Ao Sal Skt Corlry, Lo Tarvits A 7 8 ini i

Estimating the Number of Conirbulor 12 12 ~ + SWGDAM 2020 Training Guidelines

Reference List
« Historical references (19)
) « More mtDNAarticles (>30)
« No coverage of DNA transfer and
many other potentially valuable topics
bers reflect

in that list

3articles in common
with our MVP list+

N<XS<CH0A0TOZZrxc-TOTNMOO®>

DNA Transfr and Actviy Level Reportng 57
NoHuman DNA Test 15 32 mtDNA articles only
Method Vaidation, Quaity Corirl, and Hman Faclors 2 2 i in the SWGDAM list
General Forensc Science Topics AT 1
Hetorica 19 <= SWGDAM includes 19 articles
oy 497 448 135 I have classified as historical”

=
=

ISFG DNA Commission Articles

« Several of the #1 MVPs are ISFG DNA Commission articles:
+ K1.Gill, P, Brenner, C.H., Buckleton, J.S., Carracedo, A., Krawczak, M., Mayr, W.R., Morling, N., Prinz, M.,
Schneider, F‘M and Wem B.S. (2006) DNA Commission of the \r\temauuna\ Society nf Forensic Gene(lcs
on the of mixtures. Forensic Science International 160: 90-101
+ P1. Parson, W., Gusmao, L., Hares, D.R,, Irwin, J.A., Mayr, W.R., Morling, N., Pokorak, E., Prinz, M., Salas,
A., Schneider, P.M., Parsons, T.J. (2014) DNA Commission of the International Society for Forensic Genetics:
revlsed and extended guidelines for mitochondrial DNA typing. Forensic Science International: Genetics 13:

DNA mixture

mtDNA

- at Roe'wer L., Andersen, M.M., Ballantyne, J., Butler, J.M., Caliebe, A., Corach, D., D'Amato, M.E., Gust
Y-STRs L., Hou, Y., de Knilf, P., Parson, W., Prinz, M., Scheider, PM., Taylor, D., Vennemann, M., Willuwei, S. (2020)
NA commission of the Intemational Society of Forensic Genetics (ISFG): Recommendations on the
interpretation of Y-STR results in forensic analysis. Forensic Science International: Genetics 48: 102308,
« X1. Linacre, A., Gusmao, L., Hecht, W., Hellmann, A.P., Mayr, W.R., Parson, W., Prinz, M., Schneider, PM.,
Morling, N. (2011) ISFG: recommendations regarding the use of non-human (animal) DNA in forensic genefic
Genetics 5(5): 501-505.

« These are freely available on the ISFG website:
« http: isfg.org/PL DNA+C )

Non-human
DNA testing

ISFG ' Intemational Socisty for Forensic Genetics
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https://www.isfg.org/Publications/DNA+Commission

Most Valuable Publications of Forensic DNA
(J.M. Butler, R.W. Cotton, M.K. Prinz, C.J. Word)

International Society for Forensic Genetics (ISFG)

— 12 Working
1393 members Groups Biennial Meetings

from 84 countries <dezET

#English

FFrench
@ \ italian
50 Years #Spanish and Portuguese  Prague (2019,

Germany  =Chines:
Umisruasioast Sechuty gy =c= #1 Journal on
'D:G:SIG'.H;EII“ #Kaorean Forensic DNA
e ' Spain ) Arabian Speaking
‘i‘ FCaDNAP
‘
‘ Alstralia  mronap
- Poland " Ttaly S Palish
Argentina

President: John M. Butler, Gaithersburg » Vice President. Walther Parson, Innsbruck « Secretary: Peter M. Schneider, Cologne
/ennemann, Minster ¢ the Gusméo, Rio de Janeiro

16 February 2021
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The Next ISFG Meeting is in the U.S.

A https://www.isfg2021.org/

<« nc Oncein a Lifetime Opportunity — The best scnentlfc meetmg

| S FG 2022 in the field with top researchers in f
to the United States for the first time in the 21st Century

16 Pre-Congress Workshops .
To be held August 29-30, 2022  Nitps://wwiw.isfq.org/Meetin

The 29th Congress of the

DNA Mixtures (Basic)
DNA Mixtures (Advanced)

Kinshi Analyi International Society for
Court Testimony Forensic Genetics

NGS Bioinformatics 101

NGS Methods | mtDNA Casework
NGS STR Markers | Phenotyping

DNA Transfer | Evaluative Reporting

Probability and Statistics | Validation
Biogeographical Ancestry | Publication

AWGUST 29 - SEFTEMB
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Some Improvements That Would Be Beneficial
to the Forensic DNA Community

1. An agreed upon, defined body of knowledge for DNA This workshop is
mixture interpretation and a means to update and remove intended as a start
outdated information as methods evolve

2. Access to appropriate relevant literature for technical From deliberations
leaders and analysts and discussions of

. Lo . NIST team members
3. Dedicated time in the workday to read the literature sothat | ' * ' Group

technical leaders and analysts can keep up-to-date with in connection with the

developments Scientific Foundation
4. Uniformly d d k led it Review on DNA

Mixture Interpretati

5. A method to acknowledge competence in a specific area to e nierpreEton

allow true expertise in testimony (e.g., DNA transfer and activity

assessments, see van Oorschot et al. 2019)
6. Additional training for technical leaders in experimental

design and data analysis to assist with validation studies and

protocol development
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https://www.isfg.org/files/ISFG_50Years_Brochure.pdf
https://www.isfg2021.org/
https://www.isfg.org/Meeting

Most Valuable Publications of Forensic DNA

16 February 2021
(J.M. Butler, R.W. Cotton, M.K. Prinz, C.J. Word)

Some Final Thoughts

. No selection criteria or reference list will be perfect or complete
« continuing research and future review articles add knowledge to our field
» some references could be removed to focus content in various categories

2. We would love to hear your ideas on how to best maintain an
updated list to benefit the community

« Are there other categories that should be included in MVP lists?

w

. How could a national/international MVP list benefit future training?
« Would it be worth conducting an ASCLD or AAFS survey on this topic?
« If we understand the need, then we can lay the groundwork for future
possibilities in funding
+ Funding would need to be continuing and sustained to be effective (not year-

to-year) — would forensic laboratories support a subscription fee of some
kind?
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Thank you for your attention!
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